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1.1 Composite materials 
Composite materials appeared very early in human technology, the "structural" 
properties of straw were combined with a clay matrix to produce the first construction 
material and, more recently, steel reinforcement opened the way to the ferroconcrete that 
is the last century dominant material in engineering [1]. As a matter of fact, the modem 
development of polymeric materials and high modulus fibers (carbon, aramidic) 
introduced a new generation of composites. The most relevant benefit has been the 
possibility of energetically convenient manufacturing associated with the low weight 
features. Composite materials have been widely used in the structural performances; 
thermal expansion and corrosion resistance. In this field the scientific efforts were 
therefore focused to the comprehension and optimization of the structural performances 
of these materials. Structural composite materials have been also used in other fields 
such as automotive, naval transportation and engineering but the high cost still limits 
their applications. We can further restricted this definition and classification of 
composite materials. Composite materials can be applied in analytical and electro 
analytical studies using ion-exchange chromatography techniques. 
Composite materials are engineering materials made from two or more 
constituent materials with significantly different physical or chemical properties which 
remain separate and distinct on a macroscopic level within the finished structure [2]. The 
properties of the new material are dependent upon the properties of the constituent 
materials as well as the properties of the interfaces. Composites are made up of 
individual materials referred to as constituent materials. There are two categories of 
constituent materials: 
Matrix and reinforcement: At least one portion of each type is required. The 
matrix material surrounds and supports the reinforcement materials by maintaining their 
relative positions. The reinforcements impart their special mechanical and physical 
properties to enhance the matrix properties. The matrix material can be introduced to the 
reinforcement before or after the reinforcement material is placed into the mold cavity or 
onto the mold surface. The matrix material experiences a melting event, after which the 
part shape is essentially set. Depending upon the nature of the matrix material, this 
melding event can occur in various ways such as chemical polymerization or 
solidification from the melted state. 
A synergism produces material properties unavailable from the individual 
constituent materials, while the wide variety of matrix and strengthening materials 
allows the designer of the product or structure to choose an optimum combination. Thus 
composite materials are those, which are formed by the combination of one or more 
other materials with a polymer matrix to produce a material with a combination of 
desirable properties from individual components [3]. In designing composite materials, 
scientists and engineers have ingeniously combined various metals, ceramics, and 
polymers to produce a new generation of extraordinary materials. Most composites have 
been created to improve combinations of mechanical characteristics such as stiffness, 
toughness, and ambient and high temperature strength. Composites also exist in nature, 
called natural composites like bone and wood. Both of these are constructed by the 
natural process. Wood is a natural composite of cellulose, fibers in a matrix of lignin. The 
most primitive man made composite materials were straw and mud combined to 
form bricks for building construction; The most visible applications pave our roadways 
in the for of either steel and aggregate reinforced Portland cement or asphalt concrete. 
Those composites closest to our personal hygiene form our shower stalls and bath tubs 
made of fiberglass. Solid surface, imitation granite and cultured marble sinks and counter 
tops are widely used to enhance our living experiences. 
1.1. L Common categories of composite materials 
Based on the form of reinforcement, common composite materials can be 
classified as follows: 
(1) (2) 
(3) (4) (5) 
Fig.1.1 (1). Random fiber (short fiber) reinforced composites, (2) 
Continuous fiber (long fiber) reinforced composites, (3) Particles as the 
reinforcement (Particulate composites), (4) Flat flakes as the reinforcement 
(Flake composites), (5) Fillers as the reinforcement (Filler composites) 
1.1.2. Benefits of composites 
Different materials are suitable for different applications. When composites are 
selected over traditional materials such as metal alloys or woods, it is usually because of 
the following advantages: 
• Cost effective 
Long'term durability 
Strength and stiffness 
Directional strength and/or stiffiiess 
Corrosion resistance 
Weather resistance 
Tailored surface finish 
Thermal properties: 
o Low thermal conductivity 
o Low coefficient of thermal expansion 
• High dielectric strength 
• Non-magnetic 
• Radar transparency 
That there is no one-material-fits-all solution in the engineering world . Also, the 
above factors may not always be positive in all applications. Thus most common 
composites can be divided in to four main groups depending upon the matrix material as 
(i) Polymer matrix composites (PMC), 
(ii) Metal matrix composites (MMC), 
(iii) Ceramic matrix composites (CMC), 
(iv) Carbon and graphite matrix composites. 
1.2. Organic-inorganic composite materials 
Hybrid organic-inorganic materials represent one of the most rapidly expanding 
areas of material chemistry [4J. These novel composites incorporate the flexibility and 
ease of manufacturing commonly found in organic polymers as well as the structural 
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rigidity and high thermal stabiHty typical of inorganic oxide networks. Organic-inorganic 
hybrid materials are composite materials on a molecular scale with potentially 
synergistic macroscopic properties; consideration here is limited to hybrid materials for 
which all, or some, of the inorganic part is a siloxane matrix synthesized by means of 
sol- gel processing [5]. Other network and modifying inorganic lattices or discrete 
inorganic dopants, such as micro crystallites, may be present. The organic species may 
be molecular, polymeric or polymerisable in situ during synthesis of the hybrid material. 
Sol-gel chemistry facilitates control over the degree of penetration of the organic 
and inorganic parts at the molecular level. Organic-inorganic hybrid materials are of 
intensive interest in the field of contemporary materials chemistry as these materials can 
exhibit synergetic properties such as electrical, magnetic and optical properties (6). 
The growing interest of engineering in mixed material leads to the development 
of innovative composite materials. These are the novel multifunctional substances that 
offer a wide range of fascinating properties. They play a major role in advanced 
functional nanomaterials and the on-going research is well supported by the growing 
interest of chemist, physicist, biologist and material scientists who are looking forward to 
exploit all the composite properties possessed by these materials. They had attracted 
much attention due to their potential for interesting applications, broad applicability as 
well as tunable properties according to application needs. Their properties have been 
explored in the field of optics, mechanics, membranes, electronics, sensors and ion 
exchangers. They can combine the advantages of inorganic and organic constituents in 
the same matrix exhibiting entirely new behavior. Among many possible applications, 
use of these materials as ion exchangers has attracted much attention in last few years 
[7-13]. 
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These compounds have the general formula M (IV) (HX04)2x«H20, where M 
(IV) = Zr, Ti, Th, Ce, Sn, etc and X = P, Mo, W, As, Sb, etc. The protons contained in 
the structural hydroxyl groups can be exchanged with several cations and thus these 
materials behave as cation exchangers. TMA salts can be derivatized by organic moieties 
bearing ionogenic groups such as -OH, -COOH, -SO3H etc which also act as ion 
exchangers. These compounds are known as inorgano-organic ion exchangers or 
derivatized tetravalent metal acid (DIMA) salts 114] .The limitations with the existing 
organic ion exchangers is that the mechanical strength and removal capacity tend to 
decrease at high temperatures and degradation of ion exchange properties under high 
radiation conditions where as problem with inorganic ion exchangers is their low 
mechanical and chemical strength and difficulty in obtaining granulated materials with 
suitable mechanical properties for use in column application than organic ion 
exchangers. To overcome these limitations hybrid ion exchangers have been introduced 
which conjugate mechanical properties of organic counterpart with intrinsic properties of 
inorganic compound. Large numbers of hybrid materials based on n-butyl acetate, 
Acrylonitrile, acrylamide, polyaniline, triethylammonium, polymethylacrylate and nylon 
6-6 have been employed in separation, purification and detection of heavy metal ions. 
Their sorption behavior was studied in order to get the idea of selectivity of material for 
different metal ions. Sorption based on suitable sorbent is inherently an attractive and 
more popular for selective removal of metal ions from waste waters, generated as 
untreated or partially treated by product of various industries into public savages, rivers, 
lakes and sea waters. 
1.3. Chromatography 
The first true chromatography is usually attributed to the Russian bolanisl 
Mikhail Tsvet. Tsvet applied his observations with filter paper extraction to the new 
methods of column fractionation that had been developed in the 1890s for separating the 
components of petroleum. He used a liquid-adsorption column containing calcium 
carbonate to separate yellow, orange, and green plant pigments. The method was 
described on December 30,1901 at the 11th Congress of Naturalists and Doctors in Saint 
Petersburg. The first printed description was in 1903, in the Proceedings of the Warsaw 
Society of Naturalists, section of biology. He first used the term chromatography in 
print in 1906 in his two papers about chlorophyll in the German botanical journal, 
Berichte der Deutschen Botanischen Gesellschaft. Tsvet's work saw little use until the 
1930(15]. 
Chromatography is a technique in which resolution of a mixture is achieved by 
virtue of differences in migration rates of the components in a packed column. 
Chromatography was first applied to colored substances where bands of different colors 
can be seen while they move down the column. This is how the technique got its name. 
With in only a few years, ion exchange chromatography has become one of the most 
important techniques for delicate separations in analytical & preparative inorganic 
chemistry [16]. Columns of ion-exchange materials have been extensively used for the 
separation of amino acids, inorganic ions (especially rare earths), multi-components of 
alloys, heavy metals in industrial effluents and fission products of radioactive elements 
[17- 18]; as well as organic ions and organic compounds that are not ionized at all. 
13.1. Types of Chromatography 
A wide variety of instrumental and non-instrumental chromatographic techniques 
have been developed since the pre historical time. Some types of chromatography are 
given below: 
1.3.1.1. Adsorption chromatography 
Adsorption chromatography is probably one of the oldest types. It utilizes a 
mobile liquid or gaseous phase that is adsorbed onto the surface of a stationary solid 
phase. The equilibration between the mobile and stationary phase accounts for the 
separation of different solutes. 
* • • , • 
_ •• Solute absorbed on 
• • f • • 
« ^ surface of stationan 
• . t phase 
• • • * 
• » 
Fig. 1.2 Adsorption chromatigraphy 
1.3.1.2. Partition chromatography 
This form of chromatography is based on a thin film formed on the surface of a 
solid support by a liquid stationary phase. Solute equilibrates between the mobile phase 
and the stationary liquid. 
Solute dissolved 
ID liquid phase 
coated on surface 
of solid support 
Fig.1.3 Partition chromatography 
1.3.1.3. Ion exchange chromatography 
In this type of chromatography, the use of a resin (the stationary solid phase) is 
used to covalently attach anions or cations onto it. Solute ions of the opposite charge in 
the mobile liquid phase are attracted to the resin by electrostatic forces. 
Mobile anions held 
near cations that are 
covalently attached to 
stationary' phase 
Anion-Exchauge 
resin : only 
anions can be 
attracted to it 
Fig.1.4 Ion-Exchange Chromatography 
^9. 
1.3.1.4. Molecular exclusion chromatography 
Also known as gel permeation or gel filtration, this type of chromatography 
lacks an attractive interaction between the stationary phase and solute. The liquid or 
gaseous phase passes through a porous gel which separates the molecules according to its 
size. The pores are normally small and exclude the larger solute molecules, but allow 
smaller molecules to enter the gel, causing them to flow through a larger volume. This 
causes the lairger molecules to pass through the column at a faster rate than the smaller 
ones. 
Large molucules 
are excluded 
Small tnolucule 
penetrate perf^s 
of particles 
C3» 
Fig.1.5 Molecular Exclusion Chromatography 
1.3.1.5 Affinity chromatography 
This is the most selective type of chromatography employed. It utilizes the 
specific interaction between one kind of solute molecule and a second molecule that is 
immobilized on a stafionary phase. For example, the immobilized molecule may be an 
antibody to some specific protein. When solute containing a mixture of proteins is passed 
40" 
by this molecule, only the specific protein is reacted to this antibody, binding it to the 
stationary phase. This protein is later extracted by changing the ionic strength or pH. 
One kino f/. moiecaie 
in cofTipley mixture 
becomes attachec to 
molecuiQ ;hal Is 
covalentiy bound 
to stationary phase 
Alt otner 
^•^molecules simply 
wash through 
Fig.1.6 Affinity Chromatography 
1.4. Ion-exchange phenomenon & its historical background 
The phenomenon of ion exchange is not of a recent origin. Many million years 
ago this phenomenon was noticed in various sections of the globe. The earliest of the 
references were found in the Holy Bible establishing Moses' priority that succeeded in 
preparing drinking water from brackish water, by an ion exchange method [19]. Later on, 
Aristotle found that seawater loses part of its salt contents when percolated through 
certain sand [20]. In Egypt, Greece and China the ancient people used some soils, sands, 
natural zeolites and plants as the tools for improving the quality of drinking water, 
desalting or softening without having a scientific understanding of the phenomenon. A 
scientific study of this process was, however, made only in the middle of the last century 
when different soil samples were investigated [21-22] and the ion exchange properties of 
zeolites were explored [23]. Harms and Rumpler [24] synthesized the first 
aluminosilicate based ion exchangers in 1903, while FoUin and Bell [25] first applied a 
synthetic zeolite for the collection and separation of ammonia from urine in 1917. Strong 
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supports to ion exchange, however, came out not from the scientists but from the 
industrial sides. Perhaps Dr. Gans [26] in Germany was the first person who used ion 
exchanger (processed natural zeolite) to an industrial scale, based on scientific 
understanding and technological maturity. Thereafter a lot of scientific work was done 
on natural, processed and synthetic inorganic materials for their ion exchange properties. 
A more significant development took place in 1935 when Adams and Holmes [27] 
synthesized organic ion exchangers called ion exchange resins. No scientist could then 
neglect ion exchange phenomenon. However, it took nearly 85 years for the ion 
exchange phenomenon to be fully recognized in chemistry since its scientific finding and 
understanding by Thompson and Way. The water purification business was started in 
Japan in 1915 when a prominent industrialist M. Masunari of Japan imported the patents 
of Gans and his group. Later on, the use of copolymer type ion exchangers such as 
Amberlites resins was started in U.S.A. Although at first the ion exchangers were mostly 
used for water softening, but soon they were widely employed in many other fields such 
as analyses and preparative works. Their use gave analysts new materials that not only 
met the requirements of modem laboratories but also led to solution of previously 
insolvable problems. Thus, the ion exchange process became established as an analytical 
tool in laboratories and industries. An interest in ion exchange operations in industries is 
increasing day by day as their field of application is expanding. 
1.4.1. Ion-exchange process and its mechanism 
Ion exchange is one of the most important analytical techniques used for the 
separation of ionic species. In a true ion exchange process, the exchange of ions takes 
place stoichiometrically between the stationary and mobile phases. A typical ion 
exchange reaction may be represented as follows 
R-A + B (aq.) = R-B + A (aq.) 1. 
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Where A and B are the replaceable ions, R is the structiiral unit (matrix) of the 
ion exchanger and aq stands for the aqueous phase. 
The ion exchange process is reversible i.e. it can be reversed by suitably changing 
the concentration of the ions in the solution. The process is, in many respects, analogous 
to the adsorption process but is not exactly the same. The most characteristic difference 
between the two processes is that the ion exchange takes place stoichiometrically, really 
by the effective exchange of ions, while in an adsorption process the adsorbent takes up 
the dissolved substances from the solution without releasing anything into the solution 
(molecular adsorption). However, the two processes may occur simultaneously in 
practice viz (i) Based on law of mass action, and (ii) Based on Donnan theory. 
From the theoretical point of view the Donnan theory has an advantage of 
permitting a more elegant interpretation of thermodynamic behavior in an ion-
exchanger. Probably, it was the first time when quantitative formation of ion-exchange 
equilibrium had been made by Gone [28] by using the mass action law in its simplest 
form without involving the concept of activity coefficients. This concept was further 
accounted by Kielland [29] and finally, a suitable choice of general treatment was given 
by Gaines and Thomas [30]. Many workers have studied the thermodynamics of cation-
exchange on zirconium (IV) phosphate [31-34]. In a series of papers, the effect of 
crystallinity on the thermodynamics of ion-exchange of alkali metal ions/H^ ions on the 
samples of a-zirconium phosphate was examined. Ion-exchange isotherms and 
calorimetric heats of exchange were determined on samples varying from amorphous to 
highly crystalline [35-39].However, from the practical point of view, the mass action 
approach is simpler. Nancollas and coworkers [40-41] have mterpreted the 
thermodynamically functions in term of the binding nature between alkali metals and the 
ion exchange matrix. 
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1.4.2. Ion-exchange materials: Classification and literature review 
Ion exchangers are generally insoluble solids or immiscible liquids (in case of 
liquid ion exchangers) capable of exchanging ions with the surroundings. Depending 
upon their ability of exchanging cations or anions the ion exchangers are either 'cation' or 
'anion' exchangers respectively. A cation exchanger consists of a matrix with a negative 
charge, while an anion exchanger consists of a matrix with a positive charge. The 
oppositely charged ions called 'counter ions' compensate the matrix charge. On the basis 
of the nature of the matrix an ion exchanger may be 'organic' or 'inorganic'. In organic 
resins the matrix is a highly polymerized cross linked hydrocarbon containing inorganic 
groups. Inorganic ion exchangers are generally the oxides, hydroxides and insoluble acid 
salts of polyvalent metals, heteropolyacid salts and insoluble metal ferrocyanides. As 
stated above the earliest ion exchange materials were inorganic in nature. 
1.4.2.1. Synthetic inorganic ion-exchangers 
The last forty years or so have seen a great upsurge in the researches on synthetic 
inorganic ion exchangers. The main emphasis has been given to the development of new 
materials possessing chemical stability, reproducibility in ion exchange behavior and 
selectivity for certain metal ions important from analytical and environmental point of 
view. Important advances in this field have been reviewed by a number of workers at 
various stages of its development, such as Fuller [42], Qureshi [43], Vesely and Pekarek 
[44], Clearfield [45-46], Alberti [47-48] and Varshney [49]. The books published in this 
field [50-52] have provided its long-term picture. Dyer [53-54] has dealt with the 
theories involved in zeolite molecular sieves, which have direct relevance to the 
principles underlying the inorganic ion exchangers. Synthetic inorganic ion exchangers 
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are generally produced as gelatinous precipitates by mixing rapidly the elements of 
groups 3,4, 5 and 6 of the periodic table, usually at room temperature. 
A large number of such materials have been prepared by mixing phosphoric, 
arsenic, molybdic, antimonic and vanadic acids with tin, titanium, thorium, zirconium, 
cerium, iron, antimony, niobiimi, bismuth, tantalum etc. Alberti (Italy) and Clearfield 
(U.S.A.) devoted their studies mainly on the crystalline materials with a view to evaluate 
their structures based on X-ray studies. However, the analytical studies were initiated 
and exhaustively made by the research group of Qureshi (India) who mainly 
concentrated on the amorphous materials. It was based on the observation that in general 
the gel type .materials form good granules or pallets suitable for column operation and 
thus column chromatographic separations are easily achieved with these materials as 
compared to the crystalline ones. Qureshi and coworkers, thus synthesized a large 
number of amorphous ion exchangers, characterized them and explored their analytical 
potential by achieving metal ion separations on columns, thin layers and impregnated 
papers [55-62]. 
1.4.2.2. Fibrous ion-exchangers 
Recently, fibrous ion exchange materials have drawn the attention of researchers 
and experimentalists as they exhibit a high efficiency in the process of sorption from 
gaseous and liquid media. Fibrous ion exchangers can be used in the form of various 
textile goods such as cloth, conveyer belts, nonwoven materials, staples, nets etc., thus 
opening up many possibilities for new technological processes. They consist of 
monofilaments of uniform size ranging between5-50 um. This predetermines short 
diffusion path of sorbent and high rate of sorption that can be of about hundred times 
higher than that of the granular resins with a particle diameter of 0.25-1 um, normally 
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used. Hence, they are more useful in large-scale processes where a high resistance of 
filtering layers is needed. 
In recent years at the institute of Physico-Organic Chemistry of the Byelorussian 
Academy of Sciences, intensive research has been carried out to develop preparation 
methods for fibrous ion exchangers of different types and identify the fields of their 
efficient application. There are monographs [63-64], a number of review papers [65-66], 
and patents in which preparation methods, properties, technologies, and possible areas of 
applications of fibrous ion exchangers are described. 
1.4.2.3. Organic-inorganic ion-exchangers 
Since organic ion exchangers were found to be unsuitable at high temperatures 
and under strong radiation, inorganic ion exchangers were taken as alternatives for such 
cases. So, interest was developed to obtain some organic based inorganic ion exchangers. 
Such materials may also be termed as hybrid ion exchangers. On the basis of molecular 
size they are of two types: 
1.4.2.3.1. Micro-molecular composite 
The composite having molecular size bigger than the nano size (1-100 nm) is 
macromolecular composite. Fibrous composite ion-exchangers consist of uniform size 
ranging in diameter between 5-50^m while granular resins have particle size ranging in 
diameter 0.25-l^m. Composite materials formed by the combination of organic polymers 
and inorganic materials are attractive for the purpose of creating high performance or 
high functional polymeric materials termed as "organic-inorganic hybrid materials." 
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1.4.2.3.2. Nano-composite 
The definition of nano composite has broadened significantly to encompass large 
varieties of systems such as one-dimensional, two-dimensional, three-dimensional and 
amorphous materials. Nano science is the study of the fundamental principle of molecule 
and structures with at least dimensions roughly between 1 and 100 nanometers. These 
structures are appropriately termed nanostructures. Nanostructures are the smallest solid 
things possible to make and are described as being at the confluence of the smallest of 
human-made devices. 
The 'organic-inorganic' hybrid materials prepared via the sol-gel technique have 
attracted significant attention in the literature [67] Another preparation of the composite 
ion-exchangers has been carried out with the binding of electrically conducting organic 
polymers, i.e. polyaniline, polythiophene, polypyrrole etc. 
More recently, some organic-inorganic composite ion-exchange materials have 
been developed by Khan et al. such as polypyrrole Th(IV) phosphate, [68] polyaniline 
Sn(IV) arsenophosphate [69], polystyrene Zr(IV) tungstophosphate [70] and 
•^  I 0-1- 0-4- "f-i-
polypyrrole/polyantiminc acid, used for the selective separation of Pb , Cd , Hg Hg , 
respectively. The ion-exchange kinetics of M "^^ -H^  exchange [71-75] and adsorption of 
pesticide [76] have also carried out on these materials. Beena Pandit et al. have 
synthesized such type of ion-exchange materials, i.e. o-chlorophenol Zr (IV) tungstate 
and p-chlorophenol Zr (IV) tungstate [77]. Chudasama et al. [78] synthesized a new 
inorganic-organic ion exchanger by anchoring p-chlorophenol to Zn (W04)2 and reported 
the material has a good ion-exchanger capacity and stability. 
Styrene supported Zr (IV) phosphate [79] and Zr (IV) tungstophosphate [70] 
hybrid material and fibrous ion-exchange materials such as polymethyl methacrylate. 
polyacrylonitrile, styrene and pectin based Ce (IV) phosphate, Th (IV) phosphate and Zr 
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(IV) phosphate [80-87] having a great analytical applications, have been investigated by 
Varshney et al. Polyaniline Zr(IV) tungstophosphate has been synthesized by Gupta et 
al. [88], which was used for the selective separation of La^^ and UOi^ "^ . Chanda et al. 
reported polyacrylic acid coated Si02 as a new ion-exchange material. C.A. Borgo et al. 
[89] have studied ion-exchange properties and equilibrium constant of Li^, Na^ and K" 
on zirconium phosphate. .^A .^ Tiwari et al. [90] reported the thermolytic degradation 
behavior of inorganic ion-exchanger incorporated perfluro-sulphonate ionomer 
membrane (nafion-91). 
1.5. Applications of ion-exchange materials 
Ion-exchangers find applications in a wide variety of industrial, domestic, 
governmental and laboratory operations. The composite ion-exchangers show some 
better granulometric properties that facilitates its stability in column operations 
especially for separation, filtration and preconcentration of ionic species. The column 
operation suitability makes it more convenient in regeneration of exhausted beds also. 
These hybrid ion-exchangers having good ion-exchange capacity, higher stabilities, 
reproducibility and selectivity for specific heavy metal ions indicating its useful 
environmental applications. As in general these materials have their applications in 
following disciplines: 
> Water softening [92] 
> Separation and preconcentration of metal ions [93] 
> Nuclear separations [94] 
> Nuclear medicine [95] 
> Synthesis of organic pharmaceutical compounds [96j 
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> Catalysis [97] 
> Redox systems [98] 
> Electrodialysis [99] 
> Hydrometallurgy [100] 
> Effluent treatment [101] 
> Ion-exchange membranes 
> Chemical and biosensors 
>• Ion memory effect [102] 
> Ion-exchange fibers [103-105] 
> Ion-selective electrodes 
> Proton conductors [106] 
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Table 1.1 Various inorganic ion-exchange materials based on Sn(IV) prepared so 
far and their silent features 
S.no. 
1 
Material 
Stannic 
phosphate 
Nature 
Amorphous 
Compositi 
on 
P:Sn 
1.25-1.50 
Empirical 
formula 
SnOj 0.62 
P205.nH20 
Selectivity 
Na(I),Li(l).K(I). 
Rb(I),Cs(I),Cu(ll). 
Zn(II),Ni(II)Co(II) 
Ref. 
[107J 
[108] 
Crystalline 
2 Stannic tungsto- Sn:W:P 
phosphate 2:1:3.2 
3 Stannic EDTA Amorphous 
4 Stannic Sn:Mo:P]: 
molybdo- 0.33:2 
phosphate 
Sn:Mo:P 
Semi- 40:26.5:0.7 
crystalline 
5 Tin oxide Amorphous 
(Hydrated) 
6 Stannic arsenate Amorphous Sn/As= 
1.84 
crystalline 
Zr(IV) 
Sn02 P2O5.2H2O 
Cs(I),Sr(II) 
[Fe(CN)6] 4+ 
[109, 
110] 
[ 1 1 ! 
[112] 
[113] 
[114] 
M151 
Pb(II),Fe(III),Al(n [116] 
I),Ga(III),In(in) 
Li(I),Na(I) CO(II) 
SnO2.AS2O5.2H2O [117] 
Stannic 
antimonate 
Stannic 
molybdate 
Stannic selenite 
[118] 
Amorphous Sb/Sn=1.0 SnO2.As2O5.2H2O Cu(II),Ni(II).Co(I) [119-
120] 
Amorphous Sn/Mo=1.0 Pb(Il) [121: 
Amorphous Sn/Se=1.33 [(Sn04)(OH)2 Li(I),Na(I),K(0, [122] 
(Se03)3.6H20] Cu(II),Fe(in), 
Sn/Se=1.0 Sc(III),La(III) 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
9 0 
Stannic tungstate 
Stannic vanadate 
Amorphous 
Amorphous 
Stannic vanado Micro-
pyrophosphate crystalline 
Stannic ferro-
cynide 
Stannic silicate 
Stannic 
hexametaphosph 
ate 
Stannous 
ferocyanide 
Stannic 
arsenophosphate 
Stannic 
molybdo-
arsenate 
Stannic 
pyrophosphate 
Stannic sulfide 
Stannic 
phosphosilicate 
Stannic 
selenophosphate 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Sn/W=1.33 
SnA^=1.0 
Sn/Fe=3.0 
Sn/Fe=1.0 
Sn:As:P 
1:1:1 
Sn:Mo:As 
2:1:1 
Sn:P04^" 
1:2 
Sn:Si:P 
2:2:3 
Sn:Se:P 
1:1:1 
[(Sn(0H)3 
V3O9.4H2O] 
[(SnO)3(OH)3 
HFe(CN).3H20]n 
[(SnO)3H5.Fe(CN6 
2.5H2O],, 
[(Sn02)5(H3P04)3 
(H3As04).nH20] 
[(Sn02)2(Si02)2 
(H3P04)NH20] 
Co(II),Ba(n), 
Ni(II),Pb(II), 
Mn(III),Cu(II), 
Sr(II) 
K(I),Na(I),Li(I) 
Ag(I).Cu(II), 
Pb(II),Bi(III) 
,Zr(IV) 
Ni(II),Mg(II), 
Mn(in),Cu(II), 
Y(III) 
Ag(I),Pb(Il) 
Mn(Il),Y(Ill) 
Th(IV),Zr(IV), 
K(I) 
Zr(IV),Th(IV), 
Y(III),Bi(ni), 
Cu(II) 
[123] 
[124] 
[125] 
[126] 
[127] 
[128] 
[129. 
130] 
[131. 
132] 
n T.Ti [1 j j 
[134] 
[135| 
[136] 
[137] 
Crystalline 
Sn:Se:P 
4:1:6 
SnO)4rOH) 
(HSeOj) 
(H2P04)6] n.4H20 
23 Stannic Amorphous Sn:Se:PO^' 
selenopyrophosp 1:1:1 
hate 
Stannic 
tungstoarsenate 
Amorphous Sn:W:As 
12:5:2 
(15Sn0.80H) 
(IOH2P2O7.O2H 
Se03).5NH20 
Zr(IV) 
Ba(ll),Cu(lI) 
[139] 
1401 
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25 Stannic Amorphous Pb(II),Ce(in), [141] 
antimonophosph Sm(IlI) 
ate 
Pb(II),La(III), 
Crystalline Sm(III) 
26 Stannic Amorphous Sn:V:As Ba(II) [142] 
vanadoarsenate 1.94:1.14:1 
27 Stannic Crystalline Sn:Se:W [(Sn02)7.HSe03 Th(IV),Ce(lV) [143] 
tungstoselenate 7:1:18 (HW04)i8 45H20] 
28 Stannic Crystalline Ba(ll),Cu(II) [144] 
vanadophosphate 
29 Stannic . Amorphous Sn:W:V:P -- — [145] 
tungsovanadopho 1:1:1:1 
sphate 
30 Stannic Amorphous Sn:V:W [144] 
vanadotungstate 2:1:1 
31 Stannic — - [146] 
arsenosilicate 
32 Tin(IV) Amorphous Sn:Sb= Sn2[Sb(OH)6]ii Pb(II) [147] 
antimonite 2:11 8H2O 
33 Tin(IV) • Amorphous [148] 
vanadopyrophos 
phate 
34 Tin(lV) Crystalline - — — [149] 
sulphosilicate 
35 Stannic Amorphous [150] 
hexacynoferrate( 
III) 
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36 Stannic Amorphous Sn:Se:As Hg(II) [151] 
selenoarsenate 1:1:1.02 
Crystalline [152] 
Hg(Il) [153] 37 
38 
39 
40 
41 
42 
43 
44 
Stannic 
idophosphate 
Stannic 
borotophosphate 
Stannic 
hexacynophospha 
te(II) 
Amine bored 
stannic 
hexacynophospha 
te(II) 
Silica based 
stannic 
hexacynophospha 
te(Il) 
Stannic 
silicomolybdate 
Sodium 
stannosilicate 
Stannic 
vanadophosphate 
Amorphous 
Amorphous 
Crystalline 
Sn:Fe:Si 
5:4:2 
Sn:Si 1:1 
Sn:V:P 
3:3:10 
Na2(Sn02)x 
(Si02)y.zH20 
.154] 
Tl(I),Ba(II), [155] 
Pb(II),Ce(IV), 
Th(IV) 
Cd(II),Cu(Il), [156] 
Hg(II) 
[157] 
[1581 
Ag(I) [159) 
160] 
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1.6. Membrane 
According to Sollner [161] a membrane is a phase or structure interposed 
between two phases or compartments which obstructs or completely prevents gross mass 
movement between the later, but permits passage, with various degree of restriction of 
one or several species of particles from one to the other or between the two adjacent 
phases or compartments, which thereby acting as a physico-chemical machine transforms 
with various degree of efficiency according to its nature and composition of the two 
adjacent phases or compartment. In simple terms, it is described as a phase, usually 
heterogeneous, acting as barrier to the flow of molecular and ionic species present in the 
liquids and for vapors containing two surfaces [162]. The term heterogeneous has been 
used to indicate the internal physical structure and external physico-chemical 
performance [163]. From this point of view, most of the membranes in general are to be 
considered heterogeneous, despite the fact that, conventionally, membranes prepared 
from coherent gels have been called homogeneous [164]. 
The usefulness of a membrane in a mass separation process is determined by its 
selectivity, by its chemical, mechanical and thermal stability and its overall mass 
transport rate. The chemical nature of the membrane material is of prime importance 
when components with more or less identical molecular dimensions and similar chemical 
or electrical properties have to be separated. To significantly expand the use of 
membranes in mass separation processes beyond their present applications, membranes 
with more specific transport properties, longer lifetimes and higher flux rates are 
required. 
1.6.1. Ion-Selective Electrodes 
Ion Selective Electrodes (ISE) are membrane electrodes that respond selectively 
to ions in the presense of others. These include probes that measure specific ions and 
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gases in solution. The most commonly used ISE is the pH probe. Other ions that can be 
measured include metals (Floride, Bromide, Cadmium, Mercury etc and Cupric etc) and 
gases in solution such as ammonia, carbon dioxide, nitrogen oxide, and oxygen. 
The use of ISEs in environmental analysis offer several advantages over other 
methods of analysis. First, the cost of initial setup to make analysis is relatively low. The 
basic ISE setup includes a meter (capable of reading millivolts), a probe (selective for 
each analyte of interest), and various consumables used for pH or ionic strength 
adjustments (Figure 1.8). This is considerably less expensive than other methods, such 
as Atomic Adsorption Spectrophotometry (AAS) or Ion Chromatography (IC). ISE 
determinations are not subject to interferences such as color in the sample. There are few 
matrix modifications needed to conduct these analyses. This makes them ideal for 
clinical use (blood gas analysis) where they are most popular; however, they have found 
practical application in the analysis of environmental samples, often where in-situ 
determinations are needed and not practical with other methods. 
The basic ISE setup requires only a probe, a meter capable of reading millivolts, 
and a few additional reagents for controlling the ionic strength and pH of the sample. 
External 
reference 
eleclrode 
ISE 
Internal 
reference 
electrode 
Internal 
electrolyte 
soluBon 
TT+-2 
Ag Selective 
Electrode 
Fig. 1.7 Ion-selective electrode setup 
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1.6.1.1. Physico-chemical properties of ion-selective electrodes 
In order to study the characteristics of the electrode, the following parameters 
were evaluated: electrode response or membrane potential, lower detection limit, slope 
response curve, response time, working pH range, etc. 
1.6.1.1.1. Electrode response or membrane potential 
The use of ion-selective electrodes depends on the determination of potentials 
[165-166]. The potentials cannot be determined directly but can be easily derived from 
the e.m.f values for the complete electrochemical cells which comprise the membrane 
separating solutions 1 and 2 as well as the two reference electrodes. A membrane 
potential (Em) is developed across the membrane due to the diffusion of counter ions 
from the higher to the lower concentration. The membrane potential is expressed in 
equation (1.2) 
E =^^ 
ZAF I'^A Jl I 
.1.2 
Where A = counter ion, Y = co-ion, Z = charge on ions, ty - transference number of co-
ions in the membrane phase, [aA] i and [aA] 2 = activities of the counter ions in the 
solution 1 and 2, a+ - mean ionic activity of the electrolyte. It is quite evident from the 
equation that 'Em' is the sum of diffusion and Donnan Potential. In equation (1.2) the 
right hand side consists of two terms, the first term represents the thennodynamic 
limiting value and the second term denotes the diffusion potential due to co-ion flux 
membrane. 
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If the membrane is considered to be ideally perm-selective membrane (ty = 0) 
then equation (1.2) takes the form of the well-known Nernst Equation as follows: 
En, = ± 
RT [aA]2 
In 
.1.3 
ZAF [aAJi 
Equation (1,3) takes positive sign for cations and negative sign for anions. 
The membrane potential measurement is carried out using a cell set up of the 
following type: 
Solution 2 Solution 1 
External Saturated 
Calomel Electrode 
(SCE) 
Test or Membrane Internal 
External 
Solution 
EL (2) 
Solution 
Internal Saturated 
Calomel Electrode 
(SCE) 
E L ( 1 ) 
The e.m.f of this potentiometer cell is given by the following expression: 
Ecell - EscE + E L ( 2 ) + Em + E L ( 1 ) - EsCE T.4 
Where ESCE, EL and Em refer to calomel electrode, junction and membrane potentials, 
respectively. 
Jllr. 
On combining equation (1.3) and (1.4), the following equation takes the form-
RT Ml 
Eceii = EscE - EscE + EL(2) + EL(I) ± In 1.5 
ZAF [aAJi 
For cation-exchange membrane, 
RT RT 
Eceii^EL(2) + EL(i) ln[aA]i+ ln[aA]2 1-6 
ZAF ZAF 
As the activity of intemal solution is kept constant and the values of EL(!) and 
EL(2) are also almost constant, the term in parenthesis may be taken equal to a constant, 
E°. Furthermore, the values of EL(1) and EL(2) are negligible (due to salt bridge in use), the 
cell potential in above equation may approximately be taken as membrane potential. The 
equation (1.6) reduces to-
RT 
Eeel, = E° + — ln[aA]2 1.7 
Z A F 
Now, it is quite clear from equation (1.7) that the cell potential would change 
with the change in concentration (or activity) of the cation in external or test solution 2. 
At 25 °C, value of RT/ZAF comes out to be 0.059/ZA volts. The membrane is said to give 
Nernstain response if the slope of a plot between cell potential and log activity comes out 
to be 0.059/ZA volts. These plots are called Nemst plots and the slope as Nemstian slope. 
A potentiometer sensor is said to be behaving in a Nernstian or clo.se to Nemstian 
fashion, if the slope is ±1-2 mV of the theoretical value. Below this range, it is sub-
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Nemstian and above it, it is hyper-Nemstian. Sensors, which are outside the Nemstian 
range, can still be useful analytically. 
1.6.1.1.2. Selectivity coefficient 
A selectivity coefficient is one of the most important factors of ion-selective 
electrodes (ISEs), on the basis of which the potential application of an electrode in a 
given system can be predicted. Generally, ISEs are mainly membrane based devices, 
consisting of perm-selective ion-conductive materials, which separate the sample from 
the inside of the electrode. Inside the electrode, a filling solution containing the ion of 
interest at a constant activity is taken into consideration. The membrane is usually non-
porous, water-insoluble and mechanically stable. The composition of the membrane is 
designed to yield a potential that is primarily due to the ion of interest. The purpose is to 
find membranes that will selectively bind the analyte ions, leaving co-ions behind. Thus, 
membrane materials, possessing different ion-recognition properties, have been 
developed to impart high selectivity. Ideally, the response of the ISE should obey 
equation (1.8): 
E - E" + (2.303 RT/Zif) log a, 1.8 
However, equation (1.9). In practice, no electrode responds exclusively to the ion 
specified. The actual response of the electrode in a binary mixture of the primary and 
interfering ions ( '/ 'and ';', respectively) is given by the Nikoloskii-Eisenman equation 
[167]: 
E = E" + (2.303 RT/Z/) log (a, + K/"' aj ^''^0 1.9 
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Where E = potential of the electrode, E°= standard potential of the electrode, a/ = activity 
of'/' ions, ay = activity of '7' ions, Z/ = charge on the ' / ' ion, Z, = Charge on the 7 ' ion, 
K,/°' = selectivity coefficient of the electrode in the presence of 7 ions, which measure 
the relative affinity of ions ' / ' and '7' towards the ion-selective membranes. 
No electrode is absolutely selective for a particular ion. Thus, the selectivity of 
the electrode depends on selectivity coefficients. The lower the value of K,/°', the more 
selective is the electrode. For ideally selective electrodes, the K,/°^ would be zero. 
Various methods have been suggested for determining the selectivity coefficient, 
however, it falls in two main groups, namely: 
Separate-solution methods: In the separate-solution method, the potential of the 
electrode E, and Eyare measured separately in solutions containing '/' only of activity a, 
(no 7' present) and '7' only of activity ay (no '/' present), respectively and are given by 
the following equations: 
E, = E°+ (2.303 RT/Zj/) log a, 1.10 
Ey = E°+ (2.303 RT/Z^ log K/° ' a^  1.11 
From the equations (1.10) and (1.11), we get, 
by — b, a, 
l o g K / ° ' = + log 12 
2.303RT/Z,F (ay)^ '^ ^^ ' 
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The term 2.303RT/Z/F is the slope of Nemst plot. The experimental slope (S) usually 
differs from the theoretical slope i.e., 2.303RT/Z,F. So equation (1.12) takes the form. 
Ey-E/ a, 
l o g V ' = + log 1.13 
Zi/Zj (ay> 
Thus, using equation (1.13) selectivity coefficient K,/°' can be calculated. Mixed 
solution methods: In the mixed solution techniques, the electrode potentials are 
measured in solutions containing both the primary ion ' / ' and the interfering ion 7'. The 
potentials of the electrode E, and E,y are measured in solutions of primary ion ' / ' only and 
a mixture of primary and interfering ion 'j', respectively. 
K/"' = log [ 10^ "^"-' - '^'•^ ' - 1 ] + loga, - Z,/Zy log ay 1.14 
1.6.1.1.3. Response time 
Another important factor besides linear response that recommends the use of 
ISEs or membrane electrode is the promptness in response of the electrode. The response 
time of an ion-selective electrode is the time needed to attain equilibrium value {i.e. to 
obtain a steady potential) within ±1 mV after a ten-fold increase or decrease in the 
concentration of the test-solution. 
1.6.1.1.4. Effect of pH 
The membrane electrodes with polymer binders like Araldite, PVC do response 
to change in the pH value of the solutions. So it is necessary to study the effect of pH and 
the favorable working pH range has to be evaluated for accurate measurements. The 
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electrode could be safely used for measurements of their ions provided the pH of the 
solutions used falls in the range where the electrode response does not change with the 
pH, and this pH range is used as working pH range of the electrode. 
1.6.1.1.5. Life span of membrane electrode 
This period over which the electrode response is constant can be called a life of 
electrode. Ion-exchanger membrane electrodes can be used for one to three months in 
continuous service. This short lifetime may be related to the gradual loss of the ion-
exchanger through the porous membrane. 
After the week or so, the electrode response remains fairly constant over a period 
of time then the electrode starts behaving erratic, therefore cannot be used for any 
measurements. The life of studied membranes ranges from 45 to 120 days. 
1.6.2. Literature review on membranes and ion-selective electrode 
A large number of ion-selective electrodes using ion-exchangers have been 
developed during the past 25 years. The literature survey reflects good volume on this 
topic and it is very difficult as well as unmEinageable to compile all of them here. 
Therefore, in thus task we have reviewed heterogeneous ion-selective member electrode 
based on inert binder PVC and polystyrene selective for alkali, alkaline earth metals and 
heavy metal ions. 
An epoxy resin {e.g. Araldite) first used by Coetzee et al proved to be the most 
suitable and widely used material. They have worked on thallium(I) heteroployacid salt-
epoxy resin membranes in their studies and they also have determined Cs* 
potentiometrically. Tungstoarsenate based ion-selective membranes have been developed 
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by Malik et al. [168] and found very much suitable in the determination of Cs"^  and Tf 
ions. 
Amongst the alkaline earth metals, most investigated and developed ISEs are 
Ca '^^ -selective electrodes. The first Ca '^^ -selective electrode was a liquid membrane 
electrode developed by Ross.The, useful Ca^^-selective electrodes were developed by 
Thomas, Moody and coworkers [169] by incorporating Ca-bis[2,6-dinitro-4-(l,l,3,3-
tetramethylebutyl)] phenoxide and Ca-bis[di {4-( 1,1,3,3-tetramethylbutyI) 
phenyl}]phosphate in PVC. Chattopadhyaya and Misra [170] reported the Ca^^-selective 
heterogeneous precipitate based membrane using Ca(II) rhodizonate as the electroactive 
material. 
Little work has been done on the developments of ISEs for two alkaline earth 
metal ions, Mg "^  and Sr^ .^ Recently, an electrode prepared using a membrane of 
phenylene bis(ditolylphosphineoxide) in PVC was reported as Mg^^-sensor.Another 
electrode for Mg^ "^  has been developed by O'Donnell and coworkers using various 
octamethylene bis (malonic acid diamides) and tris (malonic acid diamides) in PVC with 
2-nitrophenyloctyl ether as solvent mediator. 
First useful Sr^^-selective electrode developed by Baumann [171] using 
strontium complex of polyethylene glycol as electro active material. Srivastava and 
coworkers [172] have reported a heterogeneous membrane using hydrous thorium oxide 
embedded in polystyrene while Jain et al [173] have used strontium tungstoarsenate in 
araldite for Sr -selective electrodes. 
The membranes of benzo-15-crown-5 and hs Ba-complex prepared by using an 
epoxy resin binder were also found suitable as Ba '^^ -sensor [174]. These electrodes show 
good selectivity for Ba^ "" and also used for the titration of Ba^ "" against S04^'. 
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The determination of heavy metal ions in water, soil, effluents and other samples 
is important in view of their toxic nature above certain concentration level. As such, 
efforts have been made by many researchers in the filed of ISEs to develop sufficiently 
selective sensor for heavy metal ions, which may permit quick and reliable estimation. A 
large number of electrodes have been reported for the estimation of Ni ^, Zn ,^ Cu ^ , 
Cd^*, Pb^ ,^Hg^*, Al^ ,^ Fe^^ etc. in the literature. 
Chelating ion-exchanger resins are found to possess specific selectivity for some 
metal ions and play an important role in separation processes. Srivastava et al. have 
reported the utility of salicylaldoxime-formaldehyde resin membranes for the estimation 
of Zn^ "^ . Recently Wardak et al [175] studied the properties on the ion selective electrode 
with a chelating pseudo-liquid membrane phase for Zn determination. Potentiometric 
measurements with a Cu'^ ^ ion-selective electrode allow directly determining free ion 
concentration in water samples. For copper determination, solid membrane electrodes 
based on copper sulfide, tungsten oxide, ion-exchangers and copper (III) complexes as 
electro active material have been tried as copper potentiometer sensors. 
Ross et al. [176-177] have reported the precipitate based solid state CdS-Ag2S 
mixture membrane by stoichiometric reaction. Also Hirata et al [178] have developed 
the ceramic solid-state CdS-Ag2S mixture membrane by baking the CdS-Ag2S mixed 
powder or its pressed membrane at 700 °C. Hopertenam and Cosma [179] have reported 
some preparation methods for mixtures of cadmium and silver sulfides with Cd^ -^
selective electrode properties. Sodium sulfide, thioacetamide and sodium thiosulfate 
were used for simultaneous precipitation of CdS and Ag2S. 
Srivastava et al [180] have reported a elasticized PVC based membrane of benzo-
15-crown-5, which exhibited a good response for Cd^ "^  in a wide concentration range 
(3.16 X 10"-^  - 1.00 x 10-' M) with a slope of 20 mV/decade of Cd^^ 
3^4-
Thirid et al. [181] have developed Pb^ "^  ion-selective membrane using lead 
antimonate as an electroactive phase and araldite as a polymer binder. Gupta et al [182] 
have published their results on the studies of araldite based Zr(IV) tungstophosphate 
(ZWP) membrane as Pb(II) ion-selective electrode. Tavakkoli and Shamsipur [183] had 
reported a Pb-ISE based on dibenzopyridino-18 crown-6 as membrane carrier. This lead 
selective electrode exhibited comparatively good selectivities with respect to alkali, 
alkaline earth and some transition and heavy metal ions. Recently, Malinowska et al 
[184] have reported a lead selective membrane electrode containing ionophores based on 
diaza-18-crown-6 units possessing amide and sulfonamide functions. Ganjali et al. have 
reported a PVC membrane electrode for Pb^ "^  ion based on recently synthesized 
dimethylbenzotetrathiafUlvalene as membrane carrier. Ensaf et al. [185] have prepared 
the lead (Il)-selective membrane electrode by incorporating cryptand as the neutral 
carrier into a plasticized PVC membrane. 
Jain et al. and Srivastava et. al. have also fabricated polystyrene supported 
heterogeneous ion-exchange membrane electrode of heteropolyacid salts (e.g. Ce (IV) 
selenite) which were found to be selective for Hg^ "^ . Recently, Abbas et al. have reported 
a new triiodomercurate-modified carbon paste electrode for the potentiometric 
determination of Hg (II) ions. Potentiometric determination of Hg (II) was also reported 
by some other workers. 
A less attention has been made for determining tripositive metal ions. Very few 
potentiometric devices have been designed for aluminum. Recently, Saleh et al. have 
reported a novel potentiometric membrane sensor for selective determination of Al (III) 
ions. This electrode has a minimal interference of Pb"^"*" and Hg^ "^  ions and successfully 
applied for the potentiometric titration of HP04^" with Al^ ^ and for direct potentiometer 
of Al content of some rock samples. 
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1.6.3. How ion-selective electrodes work 
There are two different types of Electrical Conductivity: 
1) In Metals the electric current is carried by Electrons. 
2) In Liquids the electric current is carried by Ions 
Every Electrochemical Process (Galvanic Cell, Electrolysis, Electro-Analysis) 
involves both these types of conductivity. The junctions where they meet and transfer 
the electrical charge are referred to as Metal-Liquid Interfaces. These interfaces were 
originally called Electrodes, but now this term is also used for various other devices such 
as welding electrodes or electro-cardiogram electrodes. At the Metal-Liquid interface 
there is an exchange of Electrons in one or other direction (details can be found in 
standard chemistry text books, in sections on Galvanic or Electrolytic Cells. [186] For 
example, in a Copper-Silver Galvanic Cell, on one electrode an Oxidation reaction takes 
place: 
Cu (metallic) -^ Cu 2+ (ionic, in solution) +2 e-
on the other electrode a Reduction reaction takes place: 
Ag* (ionic, from solution) + e- -> Ag (metallic - deposited on electrode surface) 
This explains how the electric current in the wire (Electrons) becomes a current 
in the liquid (Ions). 
1.6.3.1. General principle of ISE analysis 
At equilibrium, the membrane potential is mainly dependent on the 
concentration of the target ion outside the membrane and is described by the Nemst 
equation (equation 1.3). 
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Briefly, the measured voltage is proportional to the Logarithm of the 
concentration, and the sensitivity of the electrode is expressed as the electrode Slope - in 
millivolts per decade of concentration. Thus the electrodes can be calibrated by 
measuring the voltage in solutions containing, for example, lOppm and lOOppm of the 
target ion, and the Slope will be the slope of the (straight) calibration line drawn on a 
graph of mV versus Log concentration. 
i.e. S = [mV(100ppm)-mV(10ppm)]/[LoglOO-LoglO] 1.15 
Thus the slope simply equals the difference in the voltages - since LoglOO-LoglO = 1. 
Unknown samples can then be determined by measuring the voltage and plotting 
the result on the calibration graph. 
The exact value of the slope can be used as an indication of the proper 
functioning of an ISE and the following are typical values: 
Monovalent: Cations +55 ± 5, Anions -55 ± 5 
Divalent: Cations +26 ± 3, Anions -26 ± 3 
1.7. Objectives 
The Principal objectives of this research work are: 
The laboratory preparation of inorganic ion exchange material Sn (IV) tungstate. 
• The preparation of organic conducting polymer i.e. poly-o-anisidine, and poly-o-
toluidine by the oxidative polymerization of ortho-anisidine and ortho-toluidine. 
• Synthesis of 'organic-inorganic' composite materials by the incorporation of 
organic polymer in to the precipitate of inorganic ion exchanger. 
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• To enhance the selectivity for some pollutants such as lead, cadmium, mercury, 
etc. The material was prepared by varying the concentrations, volume ratios and 
pH, in order to obtain the optimum conditions for the preparation of a suitable 
material possessing good ion exchange capacity. 
• The composite material was ch£iracterized by the physico-chemical and ion 
exchange methods. The physico-chemical methods include X-ray diffraction, 
FTIR, TGA-DTA, SEM, AAS, UV-VIS and elemental analysis. While the ion 
exchange methods include ion-exchange capacity, selectivity for metal ions, pH 
titration, Kd values etc. 
• An attempt was made for the fabrication and characterization of ion-exchange 
membrane and ion selective membrane electrode using this 'organic-inorganic' 
composite cation exchanger as an electroactive material. 
• The material was used in various environmental and analytical applications. 
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^ka/aeP-2 
(Preparation and characterization of 
<Po[y-o-anisuGne Sn(lV) tungstate ^ 
<PoCy-o-to[uidine Sn(I^ tungstate^ !Nano 
Composite Cation-^Ej^cfiange Materials 
2.1. Introduction 
Hybrid organic-inorganic materials represent one of the most rapidly expanding 
areas of material chemistry [1]. It is literally "something that is obtained by mixing 
different types of materials", and becomes a new material that can be called "Hybrid". In 
particular, they may also be called polymer hybrids to emphasize that polymer 
constituents are involved. However, in order to distinguish them from the conventionally 
known composites that are mere mixtures, it is necessary to call the materials "hybrid 
materials" [2-6]. In such hybrid materials, it is possible to expect very interesting 
characteristics that are not found in the organic polymer or the inorganic material 
independently. For example, they can have features such as being flexible like a plastic 
but have excellent mechanical strength and thermal stability. The conversion of inorganic 
ion exchange material into composite ion exchange material is the latest development in 
this discipline. Many 'organic-inorganic' composite ion-exchangers have been developed 
earlier by incorporation of organic polymers into inorganic matrix, by way of pillaring or 
non-pillaring methods [7-11]. 
Tin-based ion exchangers have received attention because of their excellent ion-
exchange behavior and analytical applications. These materials can be prepared as both 
crystalline and amorphous materials. However, ion-exchange studies with crystalline 
materials are often somewhat complicated because of the formation of new crystalline 
phases and by hysteresis phenomena. Amorphous ion exchangers can be preferred to 
crystalline forms because they can be prepared easily and their granular nature is suitable 
for column operation. They are quite stable in acidic medium. Heteropolyacid salts based 
on tin (IV), titanium (IV), zirconium (IV), and thorium (IV) have been reported in the 
literature as ion-exchange materials. These materials have been found to have better 
properties than the simple salts of the metals as shows good selectivity towards some 
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particular metal ions [12-15]. In this regard, a number of 'organic-inorganic' composite 
cation-exchangers were developed. The selectivity may be enhanced by varying the 
composition of materials. Few such excellent ion-exchange materials have been 
developed in our laboratory and successfully being used in environmental analysis (16-
27] .Organic-inorganic composite ion exchange materials show the improvement in its 
granulometric properties that makes them more suitable for the application in column 
operations. The binding of organic polymer also introduces the better mechanical 
properties in the end product, i.e. composite ion exchange materials. 
To overcome these limitations hybrid ion exchangers have been introduced with 
conjugate mechanical properties of polymer with intrinsic properties of inorganic 
compound. Synthesis of hybrid ion exchangers with controlled functionality and 
hydrophobicity open new avenues for organo-metallic chemistry and they are used as 
sorbets [28-29], ion exchangers [30-32], catalysts [33] and in ion-selective electrodes 
[34-37]. 
In the present research work organic-inorganic nano composites poly-o-anisidine 
Sn(IV) tung^tate & poly-o-toluidine Sn(IV) tungstate were prepared by mixing poly-o-
anisidine & poly-o-toluidine into inorganic precipitate gels of Sn(IV) tungstate under 
varying conditions. The material was characterized by several physico-chemical 
investigations such as by using elemental analyses, atomic absorption spectrophotometer 
scarming electron microscopy (SEM), spectral analyses (FTIR), thermal analyses 
(simultaneous TGA-DTA) and X-Ray analysis. Thermal stability of the material was 
examined at various temperatures. This chapter represents the preparative conditions and 
physico-chemical properties of these composite cation-exchange materials. 
-51' 
2.2. Experimental 
2.2.1. Chemicals and reagents 
The main reagents used for the synthesis were: 
• Tin tetrachloride, SnCl4.5H20 (99%) CDH (India) 
• Sodium tungstate Na2W04.2H20, CDH (India) 
• 0-anisidine CH3OC6H4NH2 Hi-media (India) 
• 0-toluidine C7H9N (99%) CDH (India) 
• Ammonium persulphate, (NH4)2S20g CDH (India) 
• Hydrochloric acid, HCl (35%) E-Merck (India) 
All other reagents and chemicals were of analytical grade. 
2.2.2. Instrumentation 
The following instruments were used for various studies made for chemical 
analysis and characterization of the composite material 
• A digital pH meter — Elico (India), model LI-10; was used for measuring pH. 
• UV/VIS spectrophotometer — Elico (India), model EI 30IE; was used for 
quantitative analysis. 
• Double beam atomic absorption spectrophotometer (AAS) — GBC 902 
(Australia) with air-acetylene flame; was used for the quantitative determination of 
Pb'^ Cd'^ Cu'^ Cr^^ Hg'^ Ni '^ Mn'^ Zn'^ 
• A scanning electron microscope — LEO 435 VP (Australia) with attached imaging 
device; was used to examine the difference in surface morphology between the 
parent materials and the composite. 
• FTIR spectrometer — Perkin Elmer (U.S.A.), model Spectrum BX; was used for 
recording FTIR spectra. 
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• Elemental analyzer — Elementary Vario EL III, Carlo-Erba, model 1108; was used 
for C, H and N analyses. 
• A thermal analyzer — V2.2A DuPont 9900; was used for simultaneous TGA 
(thermo gravimetric analysis) and DTA (differential thermal analysis) studies. 
• An X-ray diffractometer — Phillips (Holland), model PW 1148/89 with Cu Ka 
radiations; was used for recording powder X-ray diffraction pattern. 
• An automatic temperature controlled water bath incubator shaker — Eicon (India). 
• A digital muffle flimace — was used to heat the material at different temperatures. 
• An air oven — Lab quip (India). 
• An electronic balance (digital) — Sartorius (Japan), model 21 OS; was used for 
weighing purpose. 
• A magnetic stirrer. 
• A digital pH meter -Elico (India), model LI-10; was used for measuring pH 
2.2.3. Preparation of organic-inorganic composite cation exchange 
materials 
2.2.3.1. Preparation of reagent solutions 
0.1 M solution of tin tetrachloride (SnCl4.5H20) was prepared in IM HCl. 0.1 M 
solution of sodium tungstate, (Na2W04 .2H2O) was prepared in DMW. 2.5% solution of 
o-anisidine (CH3OC6H4NH2) and 0.05 M solution of ammonium persulphate 
{(NH4)2S208} were prepared in IM HCl. o-toluidine (C7H9N) solution of different 
percentage concentration (v/v) were prepared in IM HCl and 0.4M ammonium 
persulphate ((NH4)2S208 ) were prepared in IM HCl. 
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2.2.3.2. Synthesis of polymer 
2.2.3.2.1 Synthesis ofpoly-o-anisidine 
Poly-o-anisidine is oxidatively synthesized using ammonium persulphate 
(NH4)2S208 under the controlled condition [38]. The organic polymer derivative of o-
methoxy aniline that is poiy-o-anisidine was prepared by mixing in similar volume ratios 
of the solution of 0.05M ammonium persulphate prepared in IM HCl into 2.5% distilled 
o-anisidine prepared in IM HCl with continuous stirring by a magnetic stirrer for 1 h at 0 
"^ C, a black-colored gel was obtained. The gel was kept for 24 h at room temperature. 
2.2.3.2.2 Synthesis of poly-o-toluidine 
The organic polymer derivative of polyaniline that is poly-o-toluidine was 
prepared by mixing in different volume ratios of the solution of 0.4 M ammonium 
persulphate and o-toluidine prepared in 1 M HCl into various samples of o-toluidine 
prepared in 1 M HCl with continuous stirring by a magnetic stirrer for 2h at 0°C, a green 
colored gel was obtained. The gel was kept for 24h at 0°C [39]. ''^A»«d~£/tr< ^ 
'i;:llc'^ 74-
^ >, 2.2.3.3. Synthesis of inorganic precipitate V 
2.2.3 3,1. Synthesis of Sn(IV) tungstate 
The inorganic precipitate of Sn (IV) tungslate ion-exchanger was prepared at 
room temperature (25+2 °C) by mixing an aqueous solution of 0.1 M sodium tungstate . 
(Na2W04.2H20) in DMW and O.IM tin tetrachloride in IM HCl in different mixing 
volume ratios [40]. The white precipitates were obtained, while the pH of the mixtures 
was adjusted to 1 by adding aqueous ammonia and HCl with constant stirring. 
-54-
2.2.3.4. Preparation of organic-inorganic composites 
2.2.3.4.1. Preparation of poly-o-anisidine Sn(IV) tungstate composite 
cation-exchanger 
The composite cation-exchanger was prepared by the sol-gel mixing of poly-o-
anisidine, an organic polymer, into the inorganic precipitate of Sn (IV) tungstate. In this 
process, when the gel of poly-o-anisidine were added to the white inorganic precipitate 
of Sn (IV) tungstate with a constant stirring, the resultant mixture were turned slowly 
into a black colored slurries. The resultant black colored slurries were kept for 24 hours 
at room temperature (25+2 *^ C). Now the poly-o-anisidine based composite cation-
exchanger gels were filtered off washed thoroughly with DMW to remove excess acid 
and any adhering trace of ammonium persulphate. The washed gels were dried over 
P4O10 at 45 ''C in an oven. The dried products were immersed in DMW to obtain small 
granules. They were converted to the H^ form by keeping it in IM HNO3 solution for 24 
hours with occasional shaking intermittently replacing the supernatant liquid. The excess 
acid was removed after several washing with DMW. The materials were finally dried at 
40 ^C and sieving to obtain particles of particular size range (~125|im). Hence a number 
of poly-o-anisidiiic Sn (IV) tungstate nano-composite cation-exchanger samples were 
prepared and on the basis of Na^ exchange capacity (I.E.C), and physical appearance, 
sample (S-7) (Table 2.1) was selected for further studies. 
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2.2.3,4.2. Preparation of poly-o-toluidine Sn(IV) tungstate composite 
cation-exchanger 
The composite cation-exchanger was prepared by the sol-gel mixing of poly-o-
toluidine, an organic polymer, into the inorganic precipitate of Sn (IV) tungstate. In this 
process, when the gels of poly-o-toluidine were added to the white inorganic precipitate 
of Sn (IV) tungstate with a constant stirring, the resultant mixture were turned slowly 
into a greenish black colored slurries. The resultant greenish black colored slurries were 
kept for 24 hours at room temperature. 
Now the composite gels were filtered off, washed thoroughly with DMW to 
remove excess acid and any adhering trace of ammonium persulphate. The washed gels 
then dried over P4O10 at 30 °C in an oven. The dried products were immersed in DMW 
to obtain small granules. They were converted to the H^-form by keeping it in IM HNO3 
solution for 24 hours with occasional shaking intermittently replacing the supernatant 
liquid with a fresh acid. The excess acid was removed after several washings with 
DMW. The materials wer finally dried at 40 °C and sieved to obtain particles of 
particular size range (-125 j^m). Hence a number of poly-o-toluidine Sn (IV) tungstate 
composite samples were prepared and on the basis of Na"^  ion-exchange capacity (l.E.C), 
and physical appearances, sample T-10 (Table 2.2) was selected for further studies. 
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Table 2.1 
Conditions of preparation and ion-exchange capacity of poly-o-
anisidine Sn(IV) tungstate nano composite cation-exchanger: 
Mixing volume ratio Mixing volume ratio Na ion-
O.IM O.IM 2.5% 0.05M exchange 
Samples Stannic Sodium o-anisidine Ammonium pH Appearance capacity 
no. chloride tungstate inlMHCl persulphate of beads (meq dry 
in lM inDMW (ml) inlMHCl g') 
HCl(ml) (ml) (ml) 
S-1 50 50 50(water) 50 1 Blackish 0.40 
Light violet 
S-2 50 50 50 50 1 Blackish 0.64 
Light violet 
S-3 50 50 100 100 1 Blackish 0.95 
Light violet 
S-4 25 25 100 100 1 Blackish 1.05 
Light violet 
S-5 25 25 200 100 1 Blackish 1.30 
Light violet 
S-6 25 25 100 200 1 Blackish 0.58 
Light violet 
S-7 25 25 200 50 1 Blackish 2.25 
Light violet 
S-8 25 25 300 50 1 Blackish 1.80 
Light violet 
S-9 200 50 1 Whitish 1.90 
S-10 25 25 Greenish 0.85 
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Table 2.2 
Conditions of preparation and the ion-exchange capacity of poly-o-
toluidine Sn(IV) tungstate nano composite cation-exchanger 
Samples Mixing volume ratio 
no. 
Mixing volume ratio pH Appearance 
of beads 
O.IM Stannic O.IM o-toluidine 0.4M 
chloride in Sodium in IM HCI Ammonium 
IMHCI(ml) tungstate (ml) persulphate 
in DMW in IM HCI 
(ml) (ml) 
Na* ion-
exchange 
capacity 
(meq dry 
T-1 
T-2 
T-3 
T-4 
T-5 
T-6 
T-7 
T-8 
T-9 
T-10 
T-11 
T-12 
• -
100 
100 
100 
50 
150 
100 
300 
200 
200 
200 
200 
-
50 
100 
100 
150 
100 
200 
100 
200 
100 
50 
50 
100(20%) 
-
100(20%) 
50(20%) 
50(20%) 
25(20%) 
25(20%) 
25(2.5%) 
25(5%) 
25(5%) 
25(5%) 
25(10%) 
50 
-
100 
50 
50 
25 
25 
25 
25 
25 
25 
25 
-
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Dark 
Greenish 
Whitish 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
Greenish 
black 
0.7 
1,85 
1.42 
0.58 
0,50 
0.90 
0.45 
1.70 
2.10 
2.50 
0.65 
1.70 
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2.2.4.Physico-cheinicaI properties of poly-o-anisidine Sn(IV) tungstate 
and poly-6-toluidine Sn(IV) tungstate composite cation exchangers: 
2.2.4.1. Chemical Composition 
The chemical composition is important to elucidate of the molecular structure of 
the ion-exchangers. The composition of the material can be determined either by 
gravimetrically or spectrophotometrically. The chemical composition of po!y-o-anisidinc 
and poly-o-ioluidine Sn (IV) lungsiate composite cation-exchangers (sample S-7 and T-
10) were determined by elemental analysis (CHN) as shown in Table 2.3 and 2.3. 
2.2.4.2. SEM (Scanning Electron Microscopy) studies 
Microphotographs of the samples original of poly-o-anisidine,po!y-o-toluidinc. 
inorganic precipitate of Sn (IV) lungsiate and organic-inorganic composite materials 
poly-o-aiiisRJine Sn (iV) tungstate (S-7) and poly-o-toluidine Sn (IV) tungstate (T-10) 
were obtained by the scanning electron microscope at various magnifications. 
2.2.4.3. TEM (Transmission Electron Microscopy) studies 
Microphotographs of the organic-inorganic composite materials poly-o-anisidine 
Sn (IV) tungstate (S-7) and poly-o-toluidine Sn (IV) tungstate (T-10) were obtamed by 
the transmission electron microscope at various magnifications and the particle size of 
composites were noted. 
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Table 2.3 
Percent composition of poly-o-anisidine Sn(IV) tungstate (S-7) nano 
composite cation-exchanger(As prerared) 
Serial no. 
1 
2 
3 
4 
5 
6 
Element 
Sn 
W 
C 
N 
H 
0 
Percentage (%) 
2.790 
24.390 
12.200 
3.722 
2.146 
42.458 
Table 2.4 
Percent composition of poly-o-toluidine Sn(IV) tungstate (T-10) nano 
composite cation-exchanger (As prepared) 
Serial no. 
1 
2 
3 
4 
5-
6 
Element 
Sn 
W 
C 
N 
H 
0 
Percentage (%) 
2.8760 
19.7200 
12.200 
5.146 
3.722 
56.336 
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2.2.4.4. X' ray analysis 
Powder X-ray diffraction (XRD) pattern was obtained in an aluminum sample 
holder for the sample (S-7) poly-o-anisidine Sn(IV)tungstate and (T-10) poiy-o-toluidine 
Sn (IV) tungstate in the original form using a PW, 1148/89 based diffractometer with Cu 
Ka radiations. 
2.2.4.5. FTIR (Fourier Transform Infra Red) studies 
The FTIR spectrum of poly-o-anisidine, poly-o-toluidine, .inorganic precipitate 
Sn (IV) tungstate ;and organic-inorganic composite materials poly-o-anisidine Sn (IV) 
tungstate (S-7) and poly-o-toluidine Sn (IV) tungstate (T-10) in the H'^ form dried at 40 
"C were taken by KBr disc method at room temperature. 
2.2.4.6. Thermal (TGA andDTA) studies 
Simultaneous TGA and DTA studies of the composite cation-exchange 
materials poiy-o-anisidine Sn (IV) tungstate (S-7) and poly-o-toluidine Sn (IV) tungsiaic 
f f-lO) in original form were carried out by an automatic thermo balance on heating the 
material from 10 "C to 1000 °C at a constant rate (10 °C per minute) in the air 
atmosphere (air flow rate of 400 ml min"'). 
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2.3. Results and Discussions 
2.3.1. Preparation of poly-o-anisidine Sn(IV) tungstate and poly-o-
toluidine Sn(IV) tungstate nano-composite cation exchanger 
Various samples of new and novel poly-o-anisidine and poly-o-toluidine based 
organic-inorganic nano-composite ion exchange materials were developed by 
incorporation of poly-o-anisidinc and poly-o-toluidine into inorganic precipitate of Sn 
(IV) tungslale. Among them sample ( S-7) of poly-o-anisidine Sn (IV) tungstate and (T-
10) of poly-o-toluidine Sn (IV) tungstate were selected on the basis of better ion 
exchange capacity, good yield and thermal stability for detail studies. 
Poly-o-anisidine was synthesized by chemical oxidation using Ammonium per 
sulfate (APS) in 1 M HCl aqueous solution [41] .the electron transfer phenomenon is 
considered is as follows 
Deprotonation of the primary cation radical can take place: 
^ ^ ^ ^ • 
The 'head-to-tair formation of polymer can happen only when the isomerisation 
of the nitrenium radicals to quinoid structure (III) takes place: 
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0-CH, 
(III) 
0 - C K 
The isomerisation of the o-anisidine occurs easily, while this process for the p-
isomer is more complicated. The formation of the N-N bond takes place when dimer is 
formed by the head-to-head recombination of the two primary radicals. In this case the 
further chain propagation is impossible. The polymer formation proceeds through the 
interaction of primary formed and isomerized radicals and further through the oxidation 
of generated dimmers. 
NH + X / = 
0-CH, 
NH 
0-CH, 0-CH, 0 - C K 
In this case, it is assumed that transition of the quinoid structure into the link of 
benzoid type reisomerisation takes place. For example, the trimer formation is possible 
as a result of the recombination of oxidized dimer and initial isomerised radical 
according to 
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This process can be defined as an oxidative poiycondensation since the main-
chain link and the molecule of initial monomer are not identical. Such propagation of 
polymer chains as a result of recombination of oligomeric species with the initial 
monomeric ones leads to the fast monomer consumption, as was determined by Mac 
Diarmid and Epstein [42] during the oxidation of aniline in (NH4)2.S2 Og in aqueous 
solution. The formation of inorganic precipitate of Sn (IV) tungstate was significantly 
affected by the pH and the most favorable pH of the mixture was -1.0. The binding of 
poly-o-anisidine into the matrix of Sn (IV) tungstate (assumed as X in the reaction) can 
be given as: 
\-Q ^ C 
O - C H . , 
Poly-o-anisidine 
^ ^ ^ +• 
^ - N h l — + X 
O-CH j 
Sii(iV)tmigstnte 
4 * 
NH-
O-CH,, 0-CH. , 
Poly-o-anisidine Sn^tlUlgStnte 
Various samples of organic-inorganic nano-composite cation-exchange material 
have been developed by the incorporation of electrically conducting polymer poly-o-
anisidine into the inorganic matrices of granular Sn (IV) tungstate. Due to high 
percentage of yield, better ion-exchange capacity, reproducible behavior, chemical and 
thermal stability, sample (S-7) was chosen for detail studies. 
The chemical route of the synthesis of poly-o-toluidine was considered by the 
oxidation polymerization of o-toluidine in presence of ammonium persulphate to poly-o-
toluidine at 0 °C as given in the following reactions [43]. The binding of poly-o-toluidine 
into the matrix of Sn (IV) tungstate can be as: 
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( I h 
'€y-' 5S2Qi" 
CM Cll: 
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The binding of poly-o-toluidine into the matrix of Sn (IV) tungstate is possible 
due to ionic interactions between the radical cation of poly-o-toluidine and anionic 
groups of Sn (IV) tungstate as given in the following reaction: 
>: 
SiiiiVi tuiiastate 
C H , C H , 
Nil—(( jV-Nll-
i'olv-o-toluidiiic Polv-o-ioiiiidinc Sn(IV) tungstate 
Various samples of organic-inorganic nano-composite cation-exchange 
material have been developed by the incorporation of electrically conducting polymer 
poly-o-toluidine into the inorganic matrices of granular Sn (IV) tungstate. Due to high 
percentage of yield, better ion-exchange capacity, reproducible behavior, chemical and 
thermal stability, sample (T-10) was chosen for detail studies. 
2.3.2. Chemical composition 
In poly-o-anisidine Sn(IV) tungstate composite cation exchanger, the percent 
composition of C, H, N, O, Sn and W in the material was found to be 12.20, 2.146, 
3.722, 42.458, 2.79 and 24.39. 
In poly-o-toluidine Sn(IV) tungstate the percent composition of C, H, N, O Sn 
and W in the material was found to be 12.20, 3.722, 5.146, 56.336, 2.876 and 19.72 11. 
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2.3.3. SEM (Scanning Electron Microscopy) studies 
The scanning electron microphotograph of poly-o-anisidine (S-10). Sn (IV) 
tungstate (S-9) and poly-o-anisidine Sn(IV) tungstate (S-7) are represented in (Fig 
2.1).The SEM photographs of poly-o-toluidine (T-1), inorganic precipitate (T-2) and 
poly-o-toluidine Sn{lV) tungstate (T-10) are represented in (Fig 2.2). It is clear from the 
photographs that after binding of organic polymer with inorganic precipitate of Sn(l\ ! 
uingstate inorganic cation exchanger, morphology has been changed, which indicate the 
formation of organic inorganic composite cation exchanger poly-o-anisidine and poly-o-
toluidine Sn(IV) tungstate. 
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Fig. 2.1 Scanning electron microphotographs (S£M) of poly-o-anisidine 
(S-10), Sn(IV) tungstate (S-9) and poly-o-anisidine Sn(IV) tungstate(S-
7) at same magnifications of l.OOkx 
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m "^-^^ 
Fig. 2.2 Scanning electron microphotographs (SEM) of poly-o-toluidine 
(T-1) at the magnifications of 2.00kx, Sn(IV) tungstate (T-2) and poly-
o-toluidine Sn(IV) tungstate (T-10) at same magnifications of l.OOkx 
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2.3.4. TEM (Transmission Electron Microscopy) studies 
Fine particle dispersion method was used for sample preparation in which sample 
materials S-7 & T-I (poly-o-anisidine Sn(IV) timgstate and poly-o-toluidine Sn(IV) 
tungstate) was ground using mortar pestle to obtain fine particles. The fine particles were 
dispersed in a volatile liquid (alcohol) by stirring which separated the agglomerated 
particles and ensured a homogenous suspension. The dilution step is often required in 
order to obtain very low concentrations of the material, so that the particles on the 
support film remain isolated. A droplet of the sample suspension is then placed on the 
copper coated grid. The specimen is ready for observation after complete evaporation or 
drying. Transmission electron microscopy was performed on a CM 200 Phillips 
microscope with an acceleration voltage of 200 kV to determine the particle size of the 
poly-o-anisidine Sn(IV) tungstate and poly-o-toluidine Sn(IV) tungstate composite 
cation-exchange materials. 
From the TEM studies it is clear that both the composites are nano-comosite. 
From TEM microphotographs the particle size of poly-o-anisidine Sn(IV) tungstate 
cation exchange material are 16.31, 17.39, 17.55 and 19 nm (Fig-2.3) and the particle 
size of poly-o-toluidine Sn(IV) tungstate are 53.32,45.79, 32.27 and 30.20 nm (Fig.2.4). 
Thus, both the materials are in the nano-range. 
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Fig. 2.3 Transmission electron microphotographs (TEM) of poly-
o-anisidine Sn(IV) tungstate showing different particle sizes 
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Fig.2.4 Transmission electron microphotographs (TEM) of poly-
o-toluidine Sn(IV) tungstate showing different particle sizes 
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2.3.5 X- ray studies 
The X-ray diffraction pattern of these cation-exchanger organic-inorganic 
composite materials poly-o-anisidine Sn (IV) tungstate (S-7) and poly-o-toluidine Sn 
(IV) tungstate (T-10) recorded in powdered sample exhibited some small peaks in the 
spectrum (Fig 2.5) and (Fig 2.6). That suggesting the semi-crystalline nature of the 
composite materials. 
2.3.6. FTIR (Fourier Transform Infra Red) studied 
The peak values of the FTIR spectra (Fig.2.7) of poly-o-anisidine Sn (IV) 
tungstate indicates that the band centered at 3427.1 cm"' results for the characteristics of 
free N-H stretching vibration, suggest the presence of secondary amino group (-NH-) 
[44] . The one peaks represent centered at 3628.1 cm'' C=C stretching bands .The other 
peaks at 1634-1055 cm"' represents the free water molecule (water of crystallization), 
strongly bonded Sn-0 and also ionic phosphate group in the matrix [45]. An assembly of 
two peaks at 799-529 cm'' may represent the sharp peaks of Sn-0 groups [46-47]. The 
I.R. spectrum of composite material can be compared with the spectra of poly-o-
anisidine (S-a), Sn (IV) tungstate (S-b) and poly-o-anisidine Sn (IV) tungstate(S-c). 
The FT-IR spectra of poly-o-toluidine, Sn (IV) tungstate and poly-o-toluidine Sn 
(IV) tungstate composite material are shown in (Fig-2.8) indicates that the molecule 
,peak at 2361.7 cm'' shows C=N group streching . The another peak at 1609.1 cm"' 
represents the free water molecule (water of crystallization) H-O-H bending bands. The 
other peaks at 1491-1400 cm'' represents of C-H and C-N vibration frequency. Other 
peak of phosphate group at 1029 cm"' An assembly of two peaks at 803-554cm"' may 
represents Sn-0 groups 
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Fig. 2.5 Powder X-ray diffraction pattern of poly-o-anisidine Sn(IV) 
tungstate nano composite cation-exchanger 
-73-
20.00 40.00 6000 
2Theta 
80.00 
Fig. 2.6 Powder X-ray diffraction pattern of poly-o-toluidine Sn(IV) 
tungstate nano composite cation-exchanger 
~74~ 
o 
I 
OL» 
4«n 35W3«»1SI» IMD 15tW ion 
Wave number( cm") 
Fig. 2.7 FTIR spectra of as prepared poly-o-anisidine(a), Sn(IV) 
tungstate (b) and poly-o-anisidine Sn(IV) tungstate (c) nano composite 
material. 
-75-
4(»D9SDD 3000 25H ZHW 1S« IDH 
Wave muber (cm"^) 
S»3M 
Fig. 2.8 FTIR spectra of as prepared poly-o-toluidine(a), Sn(IV) 
tungstate (b) and poly-o-toluidine Sn(IV) tungstate (c) nano composite 
material. 
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[46-47]. The I.R. spectrum of composite material can be compared with the spectra of 
poly-o-toluidine (S-a), Sn (IV) tungstate (S-b) and and poly-o-toluidine Sn (IV) tungstate 
(S-c). 
2.3.7. TGA and DTA studies ^> ^ > v 
The thermo gravimetric analysis curve of poly-o-anisidme Sn(rv) tungstate 
composite material (S-7) shows fast weight loss (9.05%) up to 100 '^ C due to the removal 
of external water molecules [48-49]. Slow weight loss of the material from 150 to about 
400*^0 
may be due to the formation of pyrophosphate groups by the condensation of phosphate. 
Further, inclination point was observed at about 550 °C which indicates the complete 
decomposition of the material and the formation of metal oxides. From about 600 C to 
1000 °C, a sharp weight loss indicated by the curve may be due to the decomposition of 
the metal oxides. In the DTA curve maxima at 700*^ C shows the exothermic 
decomposition reaction during the weight loss (Fig.2.9). 
The thermo gravimetric analyses (TGA-DTA) curve (Fig.2.10) of the poly-o-
toluidine Sn(IV) tungstate composite material (T-10) showed continuous weight loss of 
mass (about 5%) up to 200 ''C, which may due to removal of external water molecule 
[50]. Further weight loss of mass 400*^ 0 may be due to the condensation of 
intermolecular hydroxyl group. A steep weight loss of mass observed in the temperature 
range 400-600 °C may be due to the conversion of tungstate group. Slight decomposition 
of organic part may be observed in the temperature range 600-1000 "C. In the DTA curve 
three manima at 100, 600 & 790°C are due to the presence of endothermic 
decomposition. One single maxima at 85°C represents exothermic decomposition. 
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Fig. 2.9 Simultaneous TGA-DTA curves of poly-o-anisidine Sn(IV) 
tungstate nano composite cation-exchanger 
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Fig. 2.10 Simultaneous TGA-DTA curves of poly-o-toluidine Sn(IV) 
tungstate nano composite cation-exchanger 
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Studies on Ion-^Ej(cfiange ^Properties of 
(PoCy-o-anisidtne Sn (IV) tungstate and 
(PoCy-o-toCuidme Sn (IV) tungstate 
!Nano Composite Cation-^E^fiangers 
^ " ^ " ^ 
3.1 Introduction 
In recent years, synthetic inorganic ion-exchangers have established [1-3] their 
place in analytical chemistry due to their resistant to heat and radiation, their differential 
selectivity for metal ions. A large number of such materials have been synthesized 
earlier; most of them are the hydrous oxides and the heteropolyacid salts of the tetra and 
pentavalent metals. These compounds have shown great promise in analytical chemistry 
because of their separation potential of metals [4].Every synthetic inorganic ion-
exchanger has specific selectivity towards one or two metallic species. They are also 
highly stable to a wide range of pH and up to high temperature. However, their real 
analytical applications in various fields are still lacking. 
A number of two component [5, 6] and three component [7, 8] ion exchangers 
have established for the selective determination of heavy toxic metal ions. Since organic 
polymers as ion-exchanger are well known for their uniformity, chemical stability and 
control of their ion-exchange properties through synthetic methods [9-12]. Derivatization 
of inorganic ion-exchangers by organic molecules depends on the nature of the inorganic 
matrix. Tetravalent metal acid salts can be derivatized by organic moieties bearing 
inorganic groups such as - OH, - COOH, - SO3H, - NH2, NH etc. which also act as ion-
exchangers, and are known as 'organic-inorganic' ion-exchangers or as derivatized 
tetravalent metal acid (DTMA) salts [13-23]. 
To obtained novel properties by the combination of organic and inorganic 
materials as ion exchangers, efforts have been made to develop ion exchangers by the 
incorporation of multivalent metal acid salts and organic conducting polymers (poly-o-
anisidine, poly-o-toluidine and polyaniline etc.), providing a new class of 'organic-
inorganic' composite ion exchangers with better mechanical and granulometric 
properties, good ion exchange capacity, higher chemical thermal and mechanical 
-84" 
stabilities, reproducibility and possessing good selectivity for heavy metals indicating its 
useful environmental applications. 
In this chapter, the studies of ion-exchange properties on these nano composite 
cation-exchanges material are described. 
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3.2 EXPERIMENTAL 
3.2.1 Reagents and Chemicals 
The main reagents used for the synthesis were: 
• Tin tetrachloride, SnCl4.5H20 (99%) CDH (India) 
• Sodium tungstate Na2W04.2H20, CDH (India) 
• 0-anisidine CH3OC6H4NH2 Hi-media (India) 
• 0-toluidine C7H9N (99%) CDH (India) 
• Ammonium persulphate,(NH4)2S208 CDH (India) 
• Hydrochloric acid, HCI (35%) E-Merck (India) 
All other reagents and chemicals were of analytical grade. 
3.2.2. Instrumentation 
• A water bath incubator shaker having a temperature variation of ± 0.5 "C 
was used for all equilibrium studies. 
• An electronic balance (digital) - Sartorius (Japan), model 21 OS was used 
for weighing purpose. 
3.2.3 Preparation of poly-o-anisidine and poly-o-toluidine Sn(IV) 
tungstate 
Various samples of poly-o-anisidine and poly-o-toluidine Sn (IV) tungstate were 
prepared by following the method as given in Chapter - 2 (Section 2.2.3.4.1 and 
2.2.3.4.2). On the basis of Na"^  ion-exchange capacity and reproducibility, the samples S-
7 and T-10 (Table 2.1 and 2.2) was chosen, for the detail studies of their ion-exchange 
properties. 
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3.3 Ion-exchange properties of poly-o-anisidine andpoly-o-toluidine Sn 
(IV) tungstate 
3.3.1 Ion-exchange capacity (i.e.c.) 
Poly-o-anisidine and Poly-o-toluidine Sn(IV) tungstate are cation-exchanger. The 
exchange capacity, which is generally taken as a measure of the hydrogen ion liberated 
by neutral salt to flow through the composite cation-exchanger was determined by 
standard column process. One gram (Ig) of the dry cation-exchanger, sample S-7 and T-
10 in the H^-form was taken into a glass column having an internal diameter (i.d.) ~1 cm 
and fitted with glass wool support at the bottom. The bed length was approximately 1.5 
cm long. 1 M alkali and alkaline earth metal nitrates as eluants were used to elute the H^  
ions completely from the cation-exchange column, maintaining a very slow flow rate (~ 
0.5 ml min"'). The effluent was titrated against a standard (0.1 M) NaOH solution for the 
total ions liberated in the solution using phenolphthalein indicator and the ion-exchange 
capacities (i.e.c.) in meq g"' are given in Table 3.1 
3.3.2 Effect of eluant concentration 
To find out the optimum concentration of the eluant for complete elution of H^ 
ions, a fixed volume (250 ml) of sodium nitrate (NaNOs) solution of varying 
concentrations were passed through a column containing 1 g of the exchanger in the H"^ -
form with a flow rate of ~ 
-87-
Table 3.1 
Ion-exchange capacity of various exchanging ions on poly-o anisidine 
and poly-o-toluidine Sn (IV) tungstate nano composite cation exchanger 
Exchanging pHofthe Ionic Hydrated Ion-exchange Ion-exchange 
Metal ions Metal Radii(A°) Ionic radii Capacity of Capacity of 
solution (A°) Poly-o-anisidine Poly-o-toluidine 
(meg/gm) (meg/gra) 
Na^ 63 097 176 2^45 Z50 
K^ 6.2 1.33 2.32 1.35 2.25 
Li^ 6.9 0.68 3.40 
Mg^ 6.0 0.78 7 
Ca^ 6.5 1.06 6.30 
Sr^ 6.3 1.27 
Ba^ 6.2 1.43 5.90 
0.76 
1.12 
1.75 
2.19 
1.42 
0.92 
0.73 
1.60 
2.00 
1.25 
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Table 3.2 
Effect of eluants concentration on the ion exchange capacity of poly-o-
anisidine and poly-o-toluidine Sn (IV) tungstate nano composite cation 
exchanger. 
Molar 
concentration 
ofNaNOj 
(M) 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
Na^ ion exchange 
capacity 
of poly-o-anisidine 
Sn(IV)tungstate 
(meq/gm) 
1.50 
1.84 
1.90 
2.10 
2.26 
2.26 
2.26 
2.26 
2.26 
2.26 
Na^ ion exchange 
capacity 
of poly-o-toluidine 
Sn(IV)tungstate 
(meq/gm) 
1.6 
1.75 
1.92 
2.13 
2.38 
2.50 
2.50 
2.50 
2.50 
2.50 
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0.5 ml min"'. The effluent was titrated against a standard alkali solution of 0.1 M NaOH 
for the H* ions eluted out. A maximum elution was observed with the concentration of 
1.0 M NaNOs for the poly-o-anisidine Sn (IV) tungstate (S-7) and 1.2 M NaNOs for the 
poly-o-toluidine Sn (IV) tungstate (T-10) are shown in (Table 3.2). 
3.3.3 Elution behavior 
Since with optimum concentration for a complete elution was observed to be 1.0 
M for sample S-7 for poly-o-anisidine Sn(IV) tungstate and 1.2 M for sample T-10 for 
poly-o-toluidine Sn(lV) tungstate (Table 3.2), a column containing Ig of the exchanger 
in H^- form was eluted with NaNOs solution of this concentration in different 10 ml 
fractions with minimum flow rate as described above and each fractions of 10 ml 
effluent was titrated against a standard alkali solution for the H^ ions eluted out. This 
experiment was conducted to find out the minimum volume necessary for almost 
complete elution of H"^  ions, which determines the exchange efficiency of the column. 
3.3.4 pH - titration 
pH-titration studies of poly-o-anisidine and poly-o-toluidine Sn (IV) tungstate (S-
7 and T-10) was performed by the method of Topp and Pepper [24]. A total of 500 mg 
portions of the cation-exchanger in the H"*'-form were placed in each of the several 250 
ml conical flasks, followed by the addition of equimolar solutions of alkali metal 
chlorides and their hydroxides in different volume ratios, the final volume was kept 50 
ml to maintain the ionic strength constant. The pH of the solution was recorded every 24 
h until equilibrium was attained which needed ~5 days and pH at equilibrium was plotted 
against the mill equivalents of OH' ions added. 
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3.3.5 Selectivity (sorption) studies 
The distribution behavior of metal ions plays an important role in the 
determination of selectivity of the material. In certain practical applications, equilibrium 
is most conveniently expressed in terms of distribution coefficients of the counter ions. 
The distribution coefficient (Ka values) of various metal ions on poly-o-anisidine 
and poly-o-toluidine Sn(IV) tungstate were determined by batch method in various 
solvents systems. Various 200 mg of the composite cation-exchanger beads (S-7 and T-
10) in the H^-form were taken in Erlenmeyer flasks with 20 ml of different metal nitrate 
solutions in the required medium and kept for 24 hours with continuous shaking for 6 
hours in a temperature controlled incubator shaker at 25 ± 2°C to attain equilibrium. The 
initial metal ion concentration was to adjust that it did not exceed 3% of its total ion 
exchange capacity. The metal ions in the solution before and after equilibrium were 
determined by titrating against standard 0.005 M solution of EDTA [25]. Some heavy 
' ^ l O-^ 0-^ 0-J- 0-i- O ^ ^ I 
metal ions such as [Pb" , Cd" , Cu" \ Hg" \ Ni^  , Mn^ , Z n ^ were determined by atomic 
absorption spectrophotometry (AAS). The distribution quantity is given by the ratio of 
amount of metal ion in the exchanger phase and in the solution phase. In other word, the 
distribution coefficient is the measure of a fractional uptake of metal ions competing for 
H^ ions from a solution by an ion-exchange material and hence mathematically can be 
calculated using the formula given as: 
^. m moles of metal ions / gm of ion - exchanger , , -K 
Kj = — (mlg ) 3.1 
m moles of metal ions / ml of solution 
i.e. Kd = (I-F)/F xV/M (mlg') 3.2 
Where / is the initial amount of metal ion in the aqueous phase, F is the final 
amount of metal ion in the aqueous phase, Fis the volume of the solution (ml) and M is 
the amount of cation-exchanger (g). 
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3.3.6 Separation Factor 
The basic property of an ion-exchange material for a separation is its selectivity 
for various species. It is based on the separation factor of metal ions that can be 
calculated as follows: 
Kd(A) 
Separation factor (tte'^) = ....3.3 
Kd (B) 
Where Kd (A) and Kd (B) are the distribution coefficients for the two competing 
species A and B in the ion-exchange system. The separation factor is the preference of 
the ion-exchangers for one of the two counter ions. The quantity is convenient for 
practical applications, of specific ion for a particular column. 
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3.4 RESULTS AND DISCUSSION 
3.4.1 Preparation of organic-inorganic nano composite cation-
exchangers and Ion-exchange capacity (i.e.c.) 
In this endeavor, various samples of a new and novel 'organic-inorganic' 
composite cation-exchange material were developed by incorporating electrically 
conducting polymer, poly-o-anisidine and poly-o-toluidine into the inorganic matrices of 
fibrous Sn IV) tungstate, better ion-exchange capacity, reproducible behavior and 
chemical and thermal stability, samples S-7 and T-10 were chosen for detailed ion-
exchange behavior studies. The composite cation-exchange material of poly-o-toluidine 
Sn(IV) tungstate possessed a better Na"^  ion-exchange capacity (2.5 meq g'') as compared 
to poly-o-anisidine Sn(IV) tungstate possessed a better Na"^  ion-exchange capacity (2.25 
meq g"') as compared to inorganic precipitate of fibrous type Sn(IV) tungstate (1.90 meq 
g"'). The effect of the size and charge of the exchanging ion on the ion-exchange capacity 
was also observed for this material. 
The ion-exchange capacity of the composite cation-exchanger for alkali metal 
ions and alkaline earth metal ions increased according to the decrease in their hydrated 
ionic radii. 
The elution behavior indicated that the exchange is quite fast because only 180 
ml of sodium nitrate solution (1.0 M) is enough to release the total H'*^  from Ig of poly-o-
anisidine Sn(IV)tungstate cation-exchange material and 190 ml of sodium nitrate 
solution (1.2 M) is enough to release the total H^*" from Ig of poly-o-toluidine Sn(lV) 
tungstate cation-exchange material Fig 3.1 and Fig 3.2. 
The column elution experiments indicated a dependence of the concentration of 
the eluant on the rate of elution, which is a usual behavior for such materials. 
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The minimum molar concentration of NaNOs as eluant for maximum release of H"" ions 
from 1 g of the cation-exchanger was noticeably different for both the composites of 
poly-o-anisidine Sn (IV) tungstate and poly-o-toluidine Sn (IV) tungstate.lt was evident 
from Fig. 3.3. That the minimum molar concentration of NaNOs was found to be l.OM 
for poly-o-anisidine Sn (IV) tungstate and 1.2M for poly-o-toluidine Sn (IV) tungstate 
for the maximum elution of H"^  ions shown in Fig. 3.4. 
3.4.2 pH-Titration 
The pH-titration curves for poly-o-anisidine and poly-o-toluidine Sn (IV) 
tungstate (sample S-7 and T-10) was obtained under equilibrium conditions with 
NaOH/NaCl, KOH/KCl and LiOH/LiCl, systems indicated bifunctional behavior of the 
materials as shown in Fig. 3.5 and Fig .3.6. The composite material appear to be strong 
cation-exchanger as indicated by a low pH (~ 3) of the solutions when no OH ~ ions were 
added to the system. For the sample S-7, the rate of H"^ - K"^  exchange was faster than 
those of H^- Na^ and H*- Li* exchanges and for the sample S-10, the rate of H*- Na* 
exchange was faster than those of H*- K* and H*- Li* exchanges. In the poly-o-anisidine 
Sn(IV)tungstate the rate of exchange of H* for the NaOH/NaCI, KOH/KCl and 
LiOH/LiCI, was found to be K* > Li* > Na* and in the poly-o-toluidine Sn (IV) tungstate 
the rate of exchange of H* for the NaOH/NaCI, KOH/KCl and LiOH/LiCI, was found to 
beNa*>K*>Li*. 
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3.4.3. Selectivity Studies 
In order to find out the potentiality of these composite materials (S-7 and S-10) in 
the separation of metal ions, distribution studies for 12 metal ions were performed in 10 
solvent systems. It was observed from the data given in (Table 3.3 and 3.4) that the Kd 
values varied with the nature of the contacting solvents. It was observed from the Kd 
values of poly-o-anisidine Sn(IV) tungstate shows a maximum selectivity towards Hg^^ 
because mercury was highly adsorbed in all solvents, while remaining metal ions were 
poorly adsorbed and in poly-o-toluidine Sn(IV)tungstate, Cd was also strongly 
absorbed in the same solvents system. 
3.4.4. Separation Factor 
The separation factor is the proportion of the concentration ratios of the counter 
A 
ions in the ion-exchanger and the solution. If the ion A is preferred, the factor B is 
larger than unity, and if B is preferred, the factor is smaller than unity. The numerical 
value of the (dimension less) separation factor is not affected by the choice of the 
concentration units. Of course, the separation factor is usually not constant, but depends 
on the total concentration of the solution, the temperature, and equivalent fraction. On 
the basis of Kj values, separation factor for some metal ion pairs were calculated and 
given in Table 3.5. and Table 3.6. The values of separation factor of Hg^ "^  in poly-o-
anisidine Sn(IV)tungstate and Cd(II) in poly-o-toluidine Sn(IV)tungstate are greater than 
unity, which indicates that the proportion of Hg^^ and Cd^ "^  in the respective ion 
exchange material is higher in comparison to the other metal ions. 
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Table-3.3 
Kd values of some metal ions on poly-o-anisidine Sn(IV) tungstate (S-7) 
nano composite cation exchanger in different solvent systems 
Metal DM O.IM O.OIM O.OOIM O.IM O.OIM O.OIM O.OIM 10% pH~ 
ions W HNOj HNO3 HNO3 H2SO4 H2SO4 HCl HCIO4 C2H5OH 5.75 
Zn^^ 428 137 367 318 140 274 152 247 271 425 
Cu^^ 44 43 280 184 171 20 57 58 164 216 
Mg^^ 192 56 13 243 184 327 309 154 146 
Ni-^  276 48 154 26 125 67 66 46 108 265 
Mn^" 91 53 256 472 63 80 33 96 50 58 
Pb^' 440 556 1120 560 220 629 291 220 270 330 
Ca^" 260 - 260 260 650 182 345 155 270 270 
Hg^^ 480 2300 4200 3400 309 542 560 312 370 489 
Cd^ " 69 32 76 92 67 27 110 154 107 192 
Al'" 176 378 140 600 240 685 130 61 286 667 
TP^ 59 186 134 120 92 112 76 81 109 100 
.99. 
Table-3.4 
Kd values of some metal ions on poly-o-toluidine Sn(IV) tungstate (T-10) 
nano composite cation exchanger in different solvent systems 
Metal DM O.IM O.OIM O.OOIM O.IM O.OIM O.OIM O.OIM 10% plT 
ions W HNO3 HNO3 HNO3 H2SO4 H2SO4 HCl HCIO4 C2H5OH 5.75 
~T^ m 67 70 0 0 42 255 208 137 307 1 ^ 
Cu^^ 208 73 100 168 77 91 44 35 159 419 
Me^^ 625 154 345 623 128 137 138 327 512 445 
Nr" 310 130 130 120 - 667 170 - 190 340 
Mn^' 292 290 296 179 119 189 168 182 175 122 
Pb^ ^ 440 360 330 220 625 960 543 220 400 330 
Ca^ ^ 297 186 2800 350 230 150 1950 180 140 530 
Hg^^ 420 255 900 180 920 700 220 312 360 310 
Cd^^ 6667 4600 7200 5067 2680 1000 4250 4400 620 980 
Al'"" 1200 291 286 172 289 640 240 960 686 270 
Tl^ '^  230 260 360 330 380 390 380 440 340 290 
Th^^ 220 1150 1320 680 210 190 - 2667 220 219 
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Table-3.5 
Separation factor of different metal ions on poly-o-anisidine Sn(IV) 
tungstate (S-7) nano composite cation exchanger 
Separation DMW 1x10 ^ M 1x10'^ M 1x10 ^M 
factor HNO3 H2SO4 HCI 
Cu 
Cu 
a. 
" d 
""^L 
0" 
u 
Q-i 
10.9 11.45 27.1 9.82 
6.95 55.26 20.07 5.09 
1.73 27.27 8.08 8.48 
1.84 13.07 2.97 1.62 
5.27 16.40 6.78 16.96 
3.75 1.92 
2.50 323.0 1.65 1.87 
2.70 30.0 4.30 
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Table-3.6 
Separation factor of different metal ions on poly-o-toluidine Sn(IV) 
tungstate (T-10) nano composite cation exchanger 
IxlO^M 
HNO3 
Separation 
factor 
DMW IxlO-^ M IxlO" M 
HNO3 H2SO4 
a 
Cd 
Cu 32.05 30.16 72 10.99 
a Cd 
a 
Cd 
21.5 
22.45 
42.25 
14.48 
55.30 
2.57 
1.50 
6.67 
0^" 
MB 
Cd 
" M H 
«Cd 
5.56 
10.67 
15.15 
22.84 
15.87 
29.45 
8.14 
23.03 
28.30 
28.15 
25.17 
20.87 
21.9 
24.32 
8.00 
1.56 
7.29 
1.04 
5.35 
1.43 
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4.1 Introduction 
Ion-selective electrodes are important analytical tools allowing the sensitive and 
selective determination of various ions in the wide range of concentration [1]. Therefore, 
the increasing demand for chemical surveillance in environment protection, medicine 
and many industrial processes has created the need for sensors with features such high 
selectivity, sensitivity, reliability and sturdiness. These demand can often be satisfied by 
ion-selective electrodes (ISEs), which are commonly used owing to their simplicity, 
lower cost, fast provision for analytical results and high selectivity for heavy toxic metal 
ions [2-3]. Precipitate based ion selective membrane electrodes are well known as they 
are successfully employed for the determination of several anions and cations [4]. There 
are some homogeneous as well as heterogeneous hybrid ion-exchange membranes. 
Homogenous ion-exchange membranes are coherent ion-exchanger gels in the shape of 
disks, ribbons etc. The heterogeneous precipitate ion exchange membranes consist of 
suitable colloidal ion-exchanger particles as electro-active materials embedded in 
polymer (binder), poly (vinyl chloride) (PVC) or epoxy resin (Araldite) or poly styrene, 
polyethylene, nylon etc., by physical mixing or chemical reaction and have been 
extensively studied as potentiometer sensors [5-11]. Therefore, ion exchange membrane 
also finds application in diverse processes such as (electrodialysis, diffusion dialysis, 
electro-de-ionization, membrane electrolysis, fuel cells, storage batteries, electro-
chemical synthesis etc), which are energy source and environmental saving. 
Now a days, the use of organic-inorganic composite ion-exchange materials 
formed by the combination of inorganic precipitate and organic polymer as electro-active 
components in membrane electrodes has generated widespread interest in developing 
new ion selective electrodes using as sensors for sensor applications [12-15], especially 
for the determination of heavy toxic metals [16,17]. Therefore, we also made an effort to 
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develop new and novel composite cation-exchange material through incorporating of 
electrically conducting organic polymer into the matrices of inorganic precipitate of 
multivalent metal acid sah that are attractive for the purpose of creating high 
performance of high functional polymeric material with good electrochemical properties. 
The present research work was carried out to obtain new heterogeneous 
precipitate based membrane ion-selective electrodes using poly-o-anisidine Sn (IV) 
tungstate and poly-o-toluidine Sn(IV) tungstate composite as electro-active phase for the 
determination of Hg(II) and Cd(II) ions present in the solution. 
This chapter represents the preparation, characterization and fabrication of ion-
exchanger membrane and ion-selective membrane electrode based on the aforesaid nano-
composite materials. 
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4.2 Experimental 
4.2.1 Reagents and instruments 
The main reagents used for the synthesis of the materials were obtained from 
CDH, Loba Chemie, E-merck and Qualigens (India Ltd., used as received), Araldite 
(Ciba-Geigy, India Ltd.). AH other reagents and chemicals were of analytical grade. 
A digital pH - meter (Elico Li-10, India), double beam atomic absorption 
spectrophotometer (GBC 902, Australia), a digital potentiometer (Equiptronics EQ 609, 
India; accuracy ±0.1 mV with a saturated calomel electrode as reference electrode, an 
electronic balance (digital) - (Sartorius 21 OS, Japan) and an agate mortar pastel were 
used. 
The stock solution of 1x10"' M Hg (II) and Cd (II) were prepared in double 
distilled water (DMW). The solution was standardized by complexometric titration (18). 
The working standard solutions (1 x 10"' M to 1 x 10"^  M) were prepared by proper dilution 
of the stock solution. 
4.2.2 Preparation of electro-active phase: poly-o-anisidine Sn(IV) tungstate 
andpofy-o-toluidine Sn(IV) tungstate composite cation-exchanger 
A number of samples of 'poly-o-anisidine Sn(IV) tungstate'and 'poly-o-toluidine 
Sn(IV) tungstate' composite cation-exchange materials were prepared as described in 
Chapter-2 (Section 2.2.3). The sample S-7 (Table 2.1) and sample T-10 (Table 2.2) 
was chosen as electroactive phase for the potentiometeric studies. 
4.2.3 Preparation of ion-exchange membranes 
The ion-exchange membranes were prepared by employing an electro active ion-
exchange material into a polymer binder (Araldite). For this, electroactive component 
407" 
poly-0-anisidine Sn (IV) tungstate composite (S-7) and poly-o-toluidine Sn (IV) 
tungstate (T-10) were taken to be embedded in Araldite. 
4.2,4 Preparation of poly-o-anisidine Sn(IV) tungstate and poly-o-
toluidine Sn(IV) tungstate membrane 
For the preparation of ion-exchange membrane, Coetzee and benson [19] 
procedure was employed. The electroactive materials are i.e. poly-o-anisidine Sn(IV) 
tungstate and poly-o-toluidine Sn(IV) tungstate cation-exchanger. To find out the 
optimum membrane composition, a different amount of the cation exchanger was 
grounded to a fine powder [20], and was mixed thoroughly with Araldite (Ciba-Geigy in 
1:1 rafio) on Whatman's filter paper No. 42. In this way, five films of each cation 
exchanger (poly-o-anisidine Sn(IV) phosphate and poly-o-toluidine Sn(IV) tungstate) 
with different thickness of master membrane were prepared. 
4.3 Characterization of Membrane 
The pre-requisite performance of an ion-exchanger membrane is its complete 
physicochemical characterization, which involves the determination of all such 
parameters that affects its electrochemical properties. Thus some parameters such as 
porosity, water content, swelling, thickness, etc. were determined as described elsewhere 
[21-24]. 
4.3.1 Conditioning of the membranes 
The membranes were conditioned by equilibrating with 1 M sodium chloride; 
about 1 ml of sodium acetate was also added to adjust the pH 5-6.5 (to neutralize the acid 
present in the films) 
4.3.2 Water content (% total wet weight) 
First, the membranes were soaked in water to elute diffusible salt, blotted quickly 
with Whitman filter paper to remove surface moisture and immediately weighted. These 
were further dried to a constant weight in a vacuum over P2O5 for 24 h. The water 
content (total wet weight) was calculated as: 
4 0 8 -
W - W 
% Total wet weight = -!^^^ !^^  '- x 100 4.1 
W 
Where Wa = weight of the dry membrane and W w = weight of the soaked/wet 
membrane. 
4.3.3 Porosity 
Porosity (e) was determined as the volume of water incorporated in the cavities 
per unit membrane volume from the water content data: 
^ = W w - ^ . 4.2 
where W,, = weight of the soaked/wet membrane, Wd = weight of the dry membrane, A = 
area of the membrane, L = thickness of the membrane and /?,v= density of water. 
4.3.4 Thickness and swelling 
The thickness of the membrane was measured by taking the average thickness of 
the membrane by using screw gauze. Swelling is measured as the difference between the 
average thicknesses of the membrane equilibrated with 1M NaCl for 24h and the dry 
membrane (Table 4.1 and 4.2). 
4.3.5 Fabrication of ion -selective membrane electrode 
The membrane sheet of poly-o-anisidine Sn(IV) tungstate M-5 (0.60 mm 
thickness) and poly-o-toluidine Sn(IV) tungstate M-3 (0.65 mm thickness) as obtained 
by the above procedure were cut in the shape of disc and mounted at the lower end of a 
Pyrex glass tube (o.d. 0.8 cm, i.d. 0.6 cm) with araldite. Finally, the assembly was 
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allowed to dry in air for 24 h. The glass tube was filled with solution of the ion (as 
reference) towards which the membrane is selective and keep dipped in an identical 
solution of the same ion at room temperature. In case of poly-o-anisidine Sn(IV) 
tungstate and poly-o-toluidine Sn(IV) tungstate nano-composite ion-selective membrane 
electrode, the glass tube was filled with O.IM mercuric nitrate and cadmium nitrate 
solution respectively. Saturated calomel electrode was inserted in the tube for electrical 
contact and another saturated calomel electrode was used as external reference electrode. 
The whole arrangement can be shown as: 
410-
Table 4.1 Characterization of poly-o-anisidine Sn(IV) tungstate 
composite cation-exchange membrane. 
Poly-o-anisidine 
Sn(IV)tungstate 
composite 
M-1 
M-2 
M-3 
M-4 
M-5 
Thickness of 
the 
membrane 
(mm) 
0.25 
0.15 
0.5 
0.38 
0.60 
Water content 
as 
% weight of wet 
membrane 
4.05 
4.17 
4.34 
3.85 
1.50 
Porosity 
3.84x10-3 
4.8x10"'* 
5.1x10"'* 
2.4x10"^ 
S.SxlO"'* 
Swelling of % 
weight of wet 
membrane 
0.004 
0.002 
0.002 
0.003 
0.005 
Table 4.2 Characterization of po!y-o-toluidine Sn(IV) tungstate 
composite cation-exchange membrane. 
Poly-o-toluidine Thickness of Water content as Porosity Swelling of % 
Sn(IV)tungstate the membrane % weight of wet weight of wet 
Nano-composite (mm) membrane membrane 
M-1 
M-2 
M-3 
M-4 
M-5 
0.5 
0.49 
0.65 
0.7 
0.82 
1.67 
1.61 
2.15 
2.98 
4.16 
2.16x10 yz 
2.26x10 -2 
3.38x10 -2 
3.5x10 
4.7X10--
-2 
0.01 
0.01 
0.02 
0.01 
0.02 
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Internal reference 
electrode (SCE) 
Hg,Hg2Cl2(s)KCl 
(satd) 
Internal reference 
electrode (SCE) 
Cd, CdCl2(s) KCl 
(satd) 
Internal 
electrolyte 
(0.1 MHg^^) 
Internal 
electrolyte 
(0.1 MCd^^) 
Membrane 
And 
Membrane 
Sample 
solution 
Sample 
solution 
External reference 
electrode (SCE) 
Hg,Hg2Cl2(s)KCl 
(satd) 
External reference 
electrode (SCE) 
Cd, CdCl2(s)KCl 
(satd) 
4.4 Characterization of ion-selective membrane electrode 
In order to study the characteristics of both the electrodes, the following 
parameters were evaluated: lower detection limit, electrode response curve, response 
time, working pH range and selectivity. 
4.4.1 Electrode response or membrane potential 
To determine the electrode response, a series of standard solutions to be studied 
of varying concentrations were prepared. External electrode and ion-selective membrane 
electrode are plugged in digital potentiometer and the potentials were recorded. The 
response of both the electrodes in terms of the electrode potential (at 25 ±2 "C), 
corresponding to the concentration of a series of standard solutions of Hg (N03)2 and Cd 
(N03)2 in the range (IxlQ-'^ - IxiO"' M) were determined at a constant ionic strength as 
described by lUPAC Commission for Analytical Nomenclature [25]. A calibration curve 
was made by measuring the electrode response to standard solutions prepared by serial 
dilution witl;out the addition of extra indifferent salts. The ionic strength will increased 
linearly with an increase concentration. This will lead to a gradual decrease of the 
activity coefficient, and the calibration .curve [E° versus log (concentration)] showed a 
negative deviation from the straight line for concentration above 10'^  to 10'^  M. This 
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curvature of the calibration curve can be precluded by working at constant ionic strength. 
This is commonly achieved by adding a large excess of an indifferent electrolyte, the 
ionic strength buffer. The membrane electrodes were conditioned by soaking: 
In 0.1 M Hg(No3)2 solution for 5-7 days and for 1 hour at least before use 
for the poly-o-toluidine Sn(IV) tungstate membrane electrode. 
In 0.1 M Cd (N03)2 solution for 5-7 days and for 1 h at least before use for the 
poly-o-anisidine Sn(IV) tungstate ion-selective membrane electrode . 
The experiments were conducted in air thermostat maintained at 25 ± 1 °C, after 
performing the experiments, membrane electrode were removed from the test solution 
and kept in 0.1 M selective metal ion solution. Potential measurements of the membrane 
electrode were plotted againsed the selected concentrations of the respective ions in 
aqueous medium using the electrode assembly. The calibration graphs were plotted three 
times to check the reproducibility of the system. 
4.4.2 Effect of pH 
A series of pH solution ranging from 1-13 were prepared at constant ion 
concentration i.e. (1x10"'^  M) for poly-o-anisidine Sn(IV) tungstate and poly-o-toluidine 
Sn (IV) tungstate electrodes. The pH variations were brought out by the addition of 
dilute acid (HCl) and dilute base (NaOH) solutions. The values of electrode potential for 
both the electrodes at each pH were recorded and were plotted against pH (Table 4.3).. 
4.4.3 Response time 
The response time was measured by recording the EMF of both the electrodes as 
a function of time when it was immersed in the solution to be studied. The method of 
determining response time in the present work is being outlined as foliows: 
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The electrode is first dipped in a 1 x 10'^  M solution of the ion concerned and 
immediately shifted to another solution (pH~4) of 1 x 10'^  M ion concentration of the 
same ion (10 fold higher concentration). The potential of the solution was read at zero 
second that is, just after dipping of the electrode in the second solution and subsequently 
recorded at the intervals of 5 s. The potentials were then plotted vs. the time. The time 
during which the potentials attain a constant value represent the response time of the 
electrode (Table 4.4). 
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Table 4.3 Effect of pH on electrode response of Hg^ ^ and Cd^ ^ ion 
selective poly-o-anisidine Sn(IV) tungstate and poly-o-toluidine Sn (IV) 
tungstate membrane electrode at ( 1x10'^  M). 
pH 
i 
Membrane electrode—^ 
• 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Measured electrode potential (-mV) 
Poly-o-ani$idine Sn(IV) 
tungstate 
719 
664 
634 
615 
615 
615 
615 
615 
590 
558 
524 
Poly-o-toluidine Sn(IV) 
tungstate 
585 
524 
452 
412 
403 
403 
403 
403 
357 
326 
308 
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Table 4.4 Response of Hg^^  and Cd^^  ion selective membrane electrodes 
of poly-o-anisidine Sn(IV) tungstate and poly-o-toludine Sn (IV) 
tungstate at different time intervals at ( 1x10" M ). 
Time sec 
i 
Membrane electrodes —> 
00 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
Measured electrode potential (-
Poiy -0- anisidine 
Sn(IV )tungstate 
638 
701 
748 
782 
801 
818 
825 
825 
825 
825 
828 
830 
mV) 
Poly-o- toluidine 
Sn(IV) tungstate 
344 
418 
460 
525 
545 
545 
545 
545 
545 
538 
541 
538 
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4.4.4 Selectivity coefficients 
To study the cationic interference due to other ions, the selectivity coefficients of 
various interfering cations for poly-o-anisidine Sn(IV) tungstate and poly-o-toluidine Sn 
(IV) tungstate ion-selective membrane electrodes were determined by the mixed 
solution method as described elsewhere [26]. The method is discussed below: 
A beaker of constant volume contained a mixed solution having a fixed 
concentration of interfering ion (M"^) (1 x 10'^  M) and varying concentrations (1 x 10' 
tol X 10"^ ) of the primary ion. Now the potential measurements were made by using the 
membrane electrode assembly. 
4.4.5 Life span of the membrane 
In order to find out the life time of electrode, the electrode responses were noted 
for one or more weeks over weak and response curve is drawn for the data. The electrode 
response curve showed that the response remains constant over a period of time. After 
this period the electrode starts behaving irregular, therefore cannot be used for any 
measurements. This period in which the electrode response is constant can be termed as 
life of electrode. 
117" 
4.5 Results and Discussion 
In this chapter, organic-inorganic nano-composite cation-exchangers poly-o-
anisidine Sn(IV) tungstate and poly-o-toluidine Sn(IV) tungstate were used as electro 
active material embedded in inert Araldite for the preparation of heterogeneous ion-
selective membrane electrode. 
4.5.1 Characterization of composite cation-exchanger membrane 
Sensitivity and selectivity of the ion-selective membrane electrodes depend upon 
the nature of electro-active material, membrane composition and physico-chemical 
properties of the membranes employed. A number of samples of the poly-o-anisidine 
Sn(IV) tungstate and poly-o-toluidine Sn(IV) tungstate nano-composite membranes were 
prepared with different amount of composite with fixed amount of Araldite and checked 
for the mechanical stability, surface uniformity, materials distribution, cracks and 
thickness, etc. 
It is necessary to have a preliminary investigation with the membrane that must exhibit 
some promising selectivity for particular metal ions. Thus, the results of thickness, 
swelling, porosity and water content capacity of the poly-o-anisidine Sn(IV) tungstate 
and poly-o-toluidine Sn(IV) tungstate nano-composite cation-exchanger membrane are 
investigated to find out one membrane of good electrochemical performance for the 
purpose of preparation of ion-selective electrode. The membrane sample M-5 (thickness 
0.6 mm) for poly-o-anisidine Sn(IV) tungstate and M-3 (thickness 0.65) for poly-o-
toluidine Sn(IV) tungstate were selected for further studies. Low order of water content, 
swelling and porosity with less thickness of this membrane suggests that interstices are 
negligible and diffusion across the membrane would occur mainly through the exchanger 
sites. 
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4.5.2 Potentiometric studies of heterogeneous poly-o-anisidine Sn (IV) 
tungstate nano-composite membrane electrode 
Poly-o-anisidine Sn(IV) tungstate nano-composite membrane (M-5) was 
fabricated into ion-selective electrode and the membrane electrode was placed in 0.1 M 
Hg (N03)2 solutions for 7 days to get it conditioned. After conditioning the electrode, the 
potentials for a series of standard solution of the Hg(N03)2 in the range 10' M to 10" M 
were measured at a fixed concentration of Hg^* ion as internal reference solution. The 
choice of Hg'^ ^ ions depends on its distribution behavior patterns. 
After conditioning of the electrode, the potentials for a series of standard solution of the 
Hg(N03)2 in the range 10"'° M to 10"' M were measured, maintaining a fixed 
concentration of Hg^^ ion as internal reference solution. It was observed that the most 
favorable concentration of reference solution, for smooth functioning of the proposed 
membrane sensor is 0.1 M. 
Potential measurements of the heterogeneous precipitate based membrane 
electrodes was plotted against the selected concentration of the Hg^^ions and gives linear 
response in the range 1 xlO"' M and 1 x 10"^M (Figure 4.1). Suitable concentrafion were 
chosen for sloping portion of the linear curve. The limit of detecfion determined from the 
intersection of the two extrapolated segments of the calibration graph [27] was found to 
be 1 xiO" M, and thus the working concentration range is found to be 1 xiO"' M to 1 
xlO" M for Hg ^ ions with a Nerstian slope of 21.71 mV per decade change in Hg^^ ion 
concentration,could be used for analytical applications [28] and reverse sides. 
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Fig.4.1 Calibration curve of poly-o-anisidine Sn(IV)tungstate membrane 
electrode in aqueous solutions of Hg (NOa)! with forward and reverse 
order 
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In order to investigate pH effect on the potential response of the electrode, the 
potential were measured for a fixed concentration of Hg^ "^  ions in different pH values. 
The measurements were carried out at different concentrations (1 x 10' M and 1 x 10' 
M) of Hg^^ ion solutions but the resuUs were recorded only for 1 x 10"^  M ion solutions. 
It was observed that the electrode potential remain unchanged within the pH 
range of 4.0-8.0 (Figure 4.2). Hence, it is ascertained that the pH range in which 
potential not changed is known as working pH for this electrode. The sharp change in 
potential at lower pH value (<3) appeared to be due to interference caused by H^ ions 
(co-fluxing of H^ ions), while at higher pH values (>9) it may be attributed to the 
interferences of 0H~ ions (hydrolysis of Hg^^). 
Another important factor is the promptness of the response of the ion-selective 
electrode. The average response time is defined [29] as the time required for the 
electrode to reach a stable potential after successive immersion of the electrode in 
different Hg^^ ion solutions each having a 10-fold difference in concentration. 
The response time in contact with 1 x 10"^  M Hg^^ ion solution was determine for 
the membrane electrode and the results are shown in Figure 4.3. It is shown that the 
response time of the membrane sensor is found to be ~30s. 
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Fig.4.2 Effect of pH on the potential response of the poly-o-anisidine 
Sn(IV) tungstate membrane electrode IxlO'^ M Hg^ ^ concentration. 
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Fig. 4.3 Time response curve of poly-o-anisidine Sn(IV) tungstate 
membrane electrode. 
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The selectivity coefficients, ^ ^ ' ^ of various differing cations for the Hg (II) ion 
selective poly-o-anisidine Sn(IV) tungstate nano-composite membrane electrode were 
determined, by the mixed solution method [30]. The selectivity coefficient indicates the 
extent to which a foreign ion (M"^) interferes with the response of the electrode towards 
its primary ions (Hg ). By examine the selectivity coefficient data given in Fig. 4.4; it is 
clear that the electrode is selective for Hg (II) in presence of interfering cations. Since all 
the foreign metal ions interfere to a very little extant, these ions would not cause any 
significant interference in the determinations of Hg^ "^ . 
124-
880 
850 
> 820 
75 
S 
g.790 
O 
iS760 
730 
700 
^— 
G-
^ ^ 
"•"Hi 
sir 
- e -
^»_ j__ t 
-e—e—-^ 
11 10 9 8 7 6 5 4 
log[Hg2+] 
1 0 
Fig. 4.4. Selectivity coefficients of various interfering ions for poly-o-
anisidine Sn (IV) tungstate Araldite membrane electrode. 
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4.5.3 Poteniiometeric studies of heterogeneous poly-o-toluidine Sn (IV) 
tungstate nano-composiie membrane electrode 
Poly-o-toluidine Sn(IV) tungstate nano-composite membrane (M-3) was 
fabricated into ion-selective electrode and the membrane electrode was placed in O.IM 
Cd (N03)2 solution for 7 days to get it conditioned. After conditioning the electrode, the 
potentials for a series of standard solution of the Cd (N03)2in the range 10"'°M to 10"' M 
were measured at a fixed concentration of Cd^^ ion as internal reference solution. The 
choice of Cd^^ ions depends on its distribution behavior patterns. 
After conditioning of the electrode, the potentials for a series of standard solution 
of the Cd(N03)2 in the range 10"'° M to 10"' M were measured, maintaining a fixed 
concentration of Cd ion as internal reference solution. It was observed that the most 
favorable concentration of reference solution, for smooth functioning of the proposed 
membrane sensor is 0.1 M. 
Potential measurements of the heterogeneous precipitate based membrane 
electrodes was plotted against the selected concentration of the Cd^ "^  ions (Figure 4.5) 
and gives linear response in the range 1 xlO"' M to 1 x 10"^  M. Suitable concentration 
were chosen for sloping portion of the linear curve. The limit of detection was 
determined from the intersection of the two extrapolated segments of the calibration 
graph [27] was found to be 1 xlQ"* M, and thus the working concentration range is found 
to be 1 xiO"'Mto 1 xiO"^MforCd^^ ions with a Nerstian slope of 27.42 mV per decade 
change in Cd ""ion concentration, Below 1 x 10"^  M, none linear response was observed 
that could be used for analytical applications [28] as shown in (Fig 4.5). 
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Fig. 4.5 Calibration curve of poly-o-toluidine Sn(IV) tungstate 
membrane electrode in aqueous solution of Cd (NOs)! with forward and 
reverse order. 
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In order to investigate pH effect on the potential response of the electrode, the 
9+ 
potential were measured for a fixed concentration of Cd ions in different pH values. 
The measurements were carried out at different concentrations (1 x 10" M and 1 x lO" 
M) of Cd ion solutions but the results were recorded only for 1 x 10' M ion solutions. 
It was observed that the electrode potential remain unchanged within the pH 
range of 4.0-8.0 (Figure 4.6). Hence, h is ascertained that the pH range in which 
potential not changed is known as working pH for this electrode. The sharp change in 
potential at lower pH value (<4) appeared to be due to interference caused by H^ ions 
(co-fluxing of H"^  ions), while at higher pH values( > 9) it may be attributed to the 
interference of OH ions (hydrolysis of Cd ) 
Another important factor is the promptness of the response of the ion-selective 
electrode. The average response time is defined |29] as the time required for the 
electrode to reach a stable potential after successive immersion of the electrode in 
different Cd^* ion solutions each having a 10-fold difference in concentration. 
•y •^ I 
The response time in contact with 1 x lO" M Cd ion solution was determined 
for the membrane electrode and the results are shown in (Fig 4.7). It is shown that the 
response time of the membrane sensor is found to be ~20 s. 
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Fig. 4.6 Effect of pH on the potential response of the poly-o-toluidine Sn 
(IV) tungstate membrane electrode at 10'^  M concentration. 
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Fig.4.7 Time response curve of poly-o-toluidine Sn(IV) tungstate 
membrane electrode 
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The selectivity coefficients, K^J,^ of various differing cations for the Cd (II) ion 
selective poly-o-anisidine Sn(IV) phosphate nano-composite membrane electrode were 
determined, by the mixed solution method [30]. The selectivity coefficient indicates the 
extent to which a foreign ion (M""^ ) interferes with the response of the electrode towards 
its primary ions (Cd^ "^ ). By examine the selectivity coefficient data given in Fig. 4.8, it is 
clear that the electrode is selective for Cd (II) in presence of interfering cations. Since all 
the foreign metal ions interfere to a very little extant, these ions would not cause any 
significant interference in the determinations of Hg . 
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Fig.4.8. Selectivity coefficients of various interfering ions for poly-o-
toluidine Sn(IV) tungstate Araldite membrane electrode. 
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5.1. Introduction 
Water pollution has been seriously affecting the life of humans, plants as well as 
animals. The eco-system of rivers, streams, lakes, seas and oceans is also getting 
deteriorated due to the contamination of water through various sources. The common 
practice adopted so far includes the discharge of the untreated or partially treated 
industrial effluent into public sewers, rivers, sea and on land. Heavy metals when present 
in water in concentrations exceeding the permitted limits are injurious to the health. 
Hence, it is very important to treat such waters to remove the metal ions present before it 
is supplied for any useful purpose. When we need to remove a particular ion in presence 
of other, we need a material specific for that particular metal ion and a devise to 
determine the concentration level. Thus by synthesizing new 'organic-inorganic' 
composite ion-exchangers having selectivity for particular metal ion, we can separate the 
undesired metal from the effluents such as Cd, Pb, Hg, Cr, Ni, Sn, Cu, Co, As, and Zn. A 
large number of such composite materials possessing the selectivity for heavy toxic 
metal ions have been prepared in our laboratory and are being utilized in environmental 
water pollution analysis [1-8]. Secondly 'organic-inorganic' electrically conducting 
composite ion-exchangers can he used in the preparation of sensitive and selective ion-
sensors, potentiometer sensor, chemical sensors, or more commonly ion-selective 
electrodes (ISEs) for the determination of heavy toxic metal ions in the waste water 
samples. Therefore, these composite ion-exchangers have well established their position 
in separation science and technology, and have been employed in the selective separation 
and preconcentration of metal ions as well as recovery of heavy toxic metals from 
various waste effluents to decrease the pollution load in the environment [9-17]. 
Mercury has been declined due to the acute toxicity of the inorganic and organic 
forms of this metal. Its applications include as a cathode in chloroalkali cells, as a 
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fungicide, as a catalyst for polymer production and in the cosmetics and pharmaceutical 
industry are still important. The inorganic form of mercury is readily converted via biotic 
and abiotic processes in aquatic habitats to form alkylated lipophilic neurotoxic species 
which bioaccumulate in freshwater and marine organisms. Inorganic mercury is typically 
found at concentrations <0.5 pg/L in groimd and surface waters. The predominant 
organic forms are methyl-, ethyl- and phenylmercury, which can biomagnify through the 
food chain far more readily than inorganic forms and result in chronic human exposure. 
The ingestion offish and related products are a primary source of exposure, and there has 
been alarming evidence of the presence of methyl-mercury in fish-based foods. 
Cadmium is a toxic heavy metal that appears in the environment mainly due to 
industrial processes. Besides natural exposure from soils or earth crust with high content 
of cadmium, anthropogenic processes like combustion of coal and mineral oil, smelting, 
mining, alloy processing, paint industries, etc. are the major sources of lead and 
cadmium to the people in the vicinity of the industrial areas. Human uptake of cadmium 
takes place mainly through food. Foodstuffs that are rich in cadmium can greatly 
increase the cadmium concentration in human bodies for examples liver, mushrooms, 
shellfish, mussels, cocoa powder and dried seaweed. Another important source of 
cadmium emission is the production of artificial phosphate fertilizers. Cadmium strongly 
adsorbs to organic matter in soils. United States Environmental Protection Agency 
(EPA) has found cadmium to potentially cause the following health effects when people 
are exposed to it at levels above the minimum concentration level (MCL) for relatively 
short periods of time: nausea, vomiting, diarrhea, muscle cramps, salivation, sensory 
disturbances, liver injury, convulsions, shock and renal failure and in long-term cadmium 
has the potential to cause the following effects from a lifetime exposure at levels above 
the MCL: kidney, liver, bone and blood damage [18]. 
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Since these composite materials i.e. poly-o-anisidine Sn(IV) tungstate and poly-
o-toluidine Sn(IV) tungstate and were found highly selective for mercury and cadmium 
respectively as shown from the selectivity studies performed in Chapter-3 (Section 
3.4.3.); the utility of these cation-exchangers have been explored for the quantitative 
separations of Hg^ "^  and Cd^^ from some binary mixtures as well as removal of these 
toxic metals from some synthetic samples. Therefore, in this chapter, we have studied 
some analytical and environmental applications of these composite materials in 
separation of metal ions, as adsorbent and as an ion-selective membrane electrode. 
437-
5.2 Experimental 
5.2.1 Reagents and instruments 
The main reagents used for the synthesis of the material were obtained from 
CDH, E-merck, Ciba-Geigy and Qualigens (India Ltd.). All other reagents and chemicals 
were of analytical reagent grade. A digital pH-meter (Elico LI-10, India), a temperature 
controlled shaker and a digital potentiometer (Equiptronics EQ 609, India) with saturated 
calomel electrodes as reference electrodes were used. 
5.2.2 Preparation of poly-o-anisidine Sn(IV) tungstate and poly-o-
toluidine Sn(JV) tungstate composite cation-exchangers and ion-selective 
electrodes 
Various samples of 'organic-inorganic' composite cation-exchange materials 
'poly-o-anisidine Sn(IV) tungstate' and poly-o-toluidine Sn (IV) tungstate' were 
prepared as described in Chapter - 2 (Section 2.2.3.). But the sample S-7 (Table 2.1) 
and sample T-10 (Table 2.2) were selected for the studies of their analytical applications, 
as potentiometric sensor. The preparation of ion-exchange membrane and fabrication of 
ion-selective electrodes were done as described in Chapter- 4 (Section 4.3.5). 
5.2.3 Analytical applications of the composites 
5.2.3.1 Quantitative separations of metal ions using composite cation-
exchangers 
On the basis of Kj values (distribution studies) of sample S-7 and sample T-10 
(described in Chapter 3 (Section 3.3.6)), these samples were selected to achieve 
quantitative binary separations of some important metal ions of analytical utility on poly-
o-anisidine Sn([V) tungstate and poly-o-toluidine Sn(IV)tungstate columns. 1-lg of 
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both of the materials, S-7 and S-10 (~125 ^m particle size) in H"^  form were used for 
column separations in two different glass tubes having an internal diameter of -0.6 |im 
and a height of 35 cm. The columns were washed thoroughly with DMW. The mixture of 
two metal ions having initial concentrations of 0.01 M each was loaded on the both 
columns and allowed for one hour to absorb the metal ions on the exchangers. The 
mixture was then passed on to the columns gently (maintaining a flow rate of 2-3 drops 
per minute) till the level was above the surface of the 'materials'. After recycling two or 
three times to ensure complete adsorption of the mixture on column heads, the 
separations were achieved by passing a suitable solvent with a flow rate of 1 ml/min 
through both the columns as eluent. The metal ions in the effluent were determined 
quantitatively by AAS and EDTA titration. The results are given in Table 5,1 and Table 
5.2 for the separation of metal ions on poly-o-anisidine Sn (IV) tungstate and poly-o-
toluidine Sn(IV) tungstate composite cation-exchangers respectively. 
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Table 5.1 
Some binary separation of metal ions achieved on poly-o-anisidine 
Sn(IV) tungstate 
Separation 
achieved 
Hg(II) 
Cu (II) 
Hg(Il) 
Cd(II) 
Hg(II) 
Ni(II) 
Hg(ll) 
Ca(n) 
Hg(II) 
Mn(II) 
Hg(ll) 
Pb(II) 
Hg(Il) 
Mg(II) 
Amount 
Loaded(ftg) 
6852.4 
7248.0 
6852.4 
9254.4 
6852.4 
8724.3 
6852.4 
7084.5 
6852.4 
5937.0 
6852.4 
9936.3 
10278.6 
5128.2 
Amount 
FoundQtg) 
6756.15 
7072.56 
6886.44 
9119.88 
6700.32 
8561.52 
6607.26 
7072.56 
6849.21 
5955.84 
6867.82 
9938.80 
10236.6 
5211.36 
% 
error 
+1.42 
+2.48 
-0.49 
+1.47 
+2.26 
+1.90 
+3.70 
+0.16 
+0.04 
-0.31 
-0.22 
-0.02 
+0.41 
-1.59 
Eluent used 
O.OIMHNO3 
O.OIMHNO3 
0.0 IM HNO3 
O.OIMHCIO4 
O.OIMHNO3 
DMW 
O.OIMHNO3 
O.IMH2SO4 
O.OIMHNO3 
O.OOIMH2SO4 
O.OIMHNO3 
O.OIMHNO3 
O.OIMHNO3 
O.OIMH2SO4 
Volume of 
eluent (ml) 
60 
60 
60 
80 
60 
80 
80 
60 
60 
60 
60 
70 
70 
60 
Hg(II) 
Ai(ni) 
10278.6 
7502.6 
10422.72 
7444.8 
-1.38 
+0.78 
O.OIMHNO3 
O.OIMH2SO4 
80 
60 
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Table 5.2 
Some binary separation of metal ions achieved on poiy-o-toluidine Sn 
(IV) tungstate 
Separation 
achieved 
Cd(Il) 
Cu (II) 
Cd(II) 
Hg(Il) 
Amount 
Loaded(fig) 
6169.6 
7248.0 
6169.6 
10278.6 
Amount 
Found()ig) 
6179.18 
7258.68 
6104.7 
10236.6 
% 
error 
+0.15 
-0.13 
+0.10 
+0.4 
Eluent used 
0.001 MHNO3 
0.001MHNO3 
0.001MHNO3 
0.1MH2SO4 
Volume of 
eluent (ml) 
60 
70 
70 
80 
Cd(II) 
Ni(II) 
Cd(II) 
Ca(II) 
Cd(II) 
Mn(ll) • 
Cd(II) 
Pb(II) 
Cd(Il) 
Mg(II) 
6169.6 
8724.3 
6169.6 
7084.5 
6169.6 
5937.0 
9254.4 
6624.2 
10278.6 
5128.2 
6141.96 
8747.64 
5955.8 
7072.5 
6253.6 
5955.6 
9212.9 
6756.15 
10236.6 
5211.36 
+0.45 
-0.20 
+0.35 
+0.16 
-1.34 
-0.31 
-0.22 
-0.02 
+0.40 
-0.19 
O.OOIMHNO3 
DMW 
0.00 IM HNO3 
O.OIMHNO3 
O.OOIMHNO3 
O.OIMHNO3 
O.OIMHNO3 
O.OIMHNO3 
O.OOIMHNO3 
O.OIMH2SO4 
40 
60 
60 
70 
80 
60 
60 
70 
80 
60 
Cd(ll) 
Al(Ill) 
9254.4 
7502.6 
9306.0 
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5.2.3.2 Determination of Hg^ ^ and Cd^ ^ by potentiometric titrations using the 
poly-o-anisidine Sn(IV) tungstate and poly-o-toluidine Sn(IV) tungstate & 
membrane electrode 
The mercury and cadmium selective membrane electrodes were employed as 
indicator electrodes in the titration of 1.0 x 10"^  M Hg (NOs)! and 1.0 x 10'^  M Cd(N03)2 
solutions, respectively against 1.0 x 10' M EDTA solution as a titrant. For this, 5 ml of 
Hg(N03)2 and Cd(N03)2 solutions were pipette out in two different beakers. The volume 
of each beaker was raised up to 20 ml by DMW. These solutions were titrated with 
EDTA solution and electrode potential was measured after each addition of 0.5 ml 
EDTA solution. The necessary adjustment of pH (~4) was made before adding the 
titrant. Potential values were plotted against the volume of EDTA used. 
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5.3 Results and Discussion 
5.3.1 Quantitative separation of metal ions using composite cation 
exchangers 
On the basis of distribution studies, the most promising property of these 
materials was found to be the high selectivity towards Hg(II) and Cd(II) (major polluting 
elements in the environment), indicating importance in environmental studies. 
The separation capability of the material poly-o-anisidine Sn (IV) tungstate has 
been demonstrated by achieving some important binary separations of different synthetic 
metal mixtures involving Hg(II), for example: Hg^ "^ - Cu^ "^ , Hg^^- Zn^ ,^ Hg^^- Ce ,^ Hg^ -^
Ni^^ Hg^*- Mg2\ Hg^^- Co^^ Hg^^- Ag^ Pb^ ""- Ni^^ and Pb^^- Fe^^ Table 5.1 
summarizes the salient features of these separations. The sequential elution of ions from 
the column depends upon the stability of metal-eluting ligand (eluent). It was observed 
that Hg (II) retained strongly on the cation-exchanger column. The weakly retained metal 
ions appear out of the column faster than Hg(II) and Cd(II) was eluted after by HCIO4 
solution. The order of elution and eluents used for some representative binary 
separations are also illustrated in Figure 5.1. The separations are quite sharp and 
recovery is quantitative and reproducible. It was also observed from the distribution 
studies that the cation-exchanger was also found to be selective for Hg (II). 
On the basis of distribution studies, the most promising property of the composite 
cation-exchanger poly-o-toluidine Sn(IV) tungstate was found to be the high selectivity 
towards Cd(II). The separation capability of the material has been demonstrated by 
achieving some important binary separations of different synthetic metal mixtures 
involving Cd(II), for example: Cd^^ Viz. Mg^^- Cd^^ Ba^^- Cd^^ Zn^^- Cd^^ Ni^^- Cd^", 
Cu -^ Cd "^ , Pb^ "^ - Cd^ "^  and Cr^ -^ Cd^ "^ . Table 5.2 summarizes the salient features of these 
separations. The sequential elution of ions from the column depends upon the stability of 
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metal-eluting ligand (eluent). The order of elution and eluents used for these separations 
are also illustrated in Figure 5.2. The separations are quite sharp and recovery is 
quantitative and reproducible. It may also be observed from the distribution studies that 
the cation-exchanger was also found to be selective for Cd (II). 
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Fig.5.1 Binary separation of Hg(II) from Cu(II), Cd(II), 
Ni(II),Ca(II),Mn(II),Pb(II), Mg(II) and AI(III) ,on poly-o-anisidine 
Sn(IV) tungstate column 
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Fig. 5.2 Binary separation of Cd(II) from Cu(II), Hg(II), 
Ni(II),Ca(II),Mn(II),Pb(II), Mg(II) and Al(ni) ,on poly-o-toluidine 
Sn(IV) tungstate column 
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5.3.2 Determination ofHg^^and Cd^^ by potentiometric titrations using & 
poly-o-anisidine Sn(IV) tungstate and poly-o-ioluidine Sn(IV) tungstate 
membrane electrodes 
The practical utility of the proposed membrane sensors assembly was tested by 
using as indicator electrodes in the potentiometric titration of Hg(II) and Cd(II) with 
EDTA. The addition of EDTA causes a decrease in potential as a result of the decrease in 
free Hg (II) and Cd(II), respectively, ion concentration decreased due to the 
complexation with EDTA as shown in Figure 5.3 and Figure 5.4. The amount of Hg 
(II) and Cd (II) ions in solution can be accurately determined from the resulting neat 
titration curves providing a sharp rise in the titration curve at the equivalence point. 
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Fig. 5.3 Potentiometric titration of Hg (II) against EDTA solution using 
poly-o-anisidine Sn (IV) tungstate Araldite membrane electrode. 
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Fig.5.4 Potentiometric titration of Cd (II) against EDTA solution using 
poly-o-toluidine Sn (IV) tungstate Araldite membrane electrode. 
448-
References 
[ 1 ]. A.A. Khan, A. Khan and Inamuddin, Talanta, 73 (2007) 850. 
[2]. A.A. Khan and Inamuddin, J. Appli. Polym. Sci., 105 (2007) 2806. 
[3]. A.A. Khan, R. Niwas and M.M. Alam, Indian J. Chem. Technol., 9 (2002) 256. 
[4]. A.A. Khan, M.M. Alam and Inamuddin, Mater. Res. Bull., 40 (2005) 289. 
[5]. A.A. Khan and R. Niwas. J. Chem. Envir. Res., 7 (3 & 4) (1998). 
[6]. K.G. Varshney, N. Tayal, A.A. Khan and R. Niwas. J. Coil. Surf. A: Physiochem. 
Engg. Aspects, 181 (2001)123. 
[7]. S. Ikram; "Ph.D Thesis", D.C.E., Delhi (India), pp. 84,2000. 
[8]. A.A. Khan, R. Niwas and K.G. Varshney, Coil. Surf (A), 150 (1999) 7. 
[9]. A.A. Khan, R. Niwas and K.G. Varshney, Indian J. Chem., 37A (1998) 469. 
[10]. A.A. Khan, R. Niwas, U. Gupta and K.G. Varshney, Coil. Surf. (A), 164 
(2000)115. 
[11]. B. Pandit and U. Chudasma, Bull. Mater. Sci., 21 (1998) 189. 
[12]. B. Pandit and U. Chudasma, Bull. Mater. Sci., 24 (2001) 265. 
[13]. K.G. Varshney and A.H. Pandith, J. Chem. & Environ. Res., 5 (1996) 1. 
[14]. K.G. Varshney and N. Tayal, Coil. Surf (A), 162 (2001) 49. 
[15]. K.G. Varshney and N. Tayal, Langmuir, 17 (2001) 2589. 
[16]. K.G. Varshney, N. Tayal and U. Gupta, Coil. Surf. (A), 145 (1998) 71. 
[17]. K.G. Varshney, P. Gupta and A. Agrawal; 22"" National Conference i m 
Chemistry, Indian Council of Chemists, I.I.T., Roorkee, (2003). 
[18]. B. Rezaei, S. Meghdadi and R. Fazel Zarandi, J. of Hazard. Mater. 153 (2008) 
179. 
149-
0 9i 
yA 
^ke^it0i^-6 
ConcCusion 
Suggestion for future wor^ 
6.1. Conclusions 
Sn(IV) tungstate precipitate modified by incorporation of poly-o-anisidine and 
poly-o-toluidine (conducting polymers), was prepared in this study as a novel fibrous 
type 'organic-inorganic' composite cation-exchange material, has better ion-exchange 
capacity and is highly selective for mercury and cadmium. The polymer selected is poly-
o-anisidine and poly-o-toluidine after careful scrutiny of the literature survey and their 
chemical synthesis by standard oxidative polymerization as found in literature was 
successfully applied. 
The preparation methodology of this composite (poly-o-anisidine and poly-o-
toluidine Sn(IV) tungstate) cation-exchangers is a successful modification of that such 
materials mentioned in the literature, providing a new class of "organic-inorganic" 
hybrid ion-exchangers possess fairly good yield, better mechanical and granulometric 
properties, good ion-exchange behavior, higher chemical, mechanical as well as thermal 
stabilitities, reproducibility behavior as is evident from the fact that these materials 
obtained from various batches did not show any appreciable deviation in their percentage 
of yield and ion-exchange capacities and selectivity for some specific heavy metals 
indicating its useful environmental applications. 
The composite material was characterized by means of some instrumental 
techniques such as SEM, FT-IR, TGA-DTA, X-ray, elemental analysis, AAS, UV/VIS 
spectrophotometry etc. Transmission electron microscope (TEM) photographs of both 
poly-o-anisidine and poly-o-toluidine composite material shows partical size ranges from 
16 nm-54 nm, i.e. in nano range. Thus the composites can be considered as nano-
composite material. Scanning electron microscope (SEM) photographs of both poly-o-
anisidine and poly-o-toluidine Sn (IV) tungstate com.posite material obtained at different 
magnifications, indicating the binding of inorganic ion-exchange material with organic 
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polymer. The SEM pictures showed the difference in surface morphology of organic 
polymer, inorganic precipitate and composite material. It has been revealed that after 
binding of poly-o-anisidine and poly-o-toluidine with Sn(IV) tungstate, the morphology 
has been changed. The X-ray powder diffraction pattern of poly-o-anisidine and poly-o-
toluidine Sn(IV) tungstate composite cation-exchanger exhibited small peaks in the 
spectrum that suggesting semi crystalline nature of the composite material. The chemical 
composition and structure of the composites were determined on the basis of FT-IR, 
TGA-DTA, elemental analysis, AAS, UVA^IS spectrophotometric studies. 
Poly-o-toluidine Sn(IV) tungstate possessed a better Na^ exchange capacity 
(2.50 meq g"') as compared to poly-o-anisidine Sn(IV) tungstate (2.26 meq g"'), which is 
quite high than the capacity of the inorganic ion exchanger Sn(IV) tungstate 
(1.90 meq g'' ). 
The solubility experiment showed that the material has reasonable good 
chemical stability as the results indicated that the material was resistant to different 
acids, bases, organic solvents etc. The chemical stability may be due to the presence of 
binding polymer, which can prevent the dissolution of heteropolyacids sols or leaching 
of any constituent element into the solution. 
The distribution coefficient (Kj) values obtaining from sorption (selectivity) 
studies indicate that the nano-composite poly-o-anisidine Sn(IV) tungstate cation-
exchange material was found to be highly selective for Hg^* ions and poly-o-toluidine 
Sn(IV) tungstate cation-exchange material was found to be highly selective for Cd^* 
ions. This adsorption behavior of this cation-exchanger is promising in the field of 
pollution chemistry where an effective separation method is needed for Hg(II) and Cd(II) 
from other pollutants. 
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The selectivity of the composites was tested by achieving some important binary 
separations, like separation of different synthetic metal mixtures involving Hg(II) for 
poly-o-anisidine Sn(IV) tungstate and Cd(II) for poly-o-toluidine Sn(IV) tungstate for 
example: Hg'^- Zn'", Hg'"- Cd^^ Hg'"- Cu'\ Hg'^- Ki^\ Hg'"- Mg'" ,Hg'"- Al'", etc on 
the poly-o-anisidine Sn(II) tungstate column and Cd - Hg ,Cd - Zn , Cd - Ca , 
Cd^ -^ Cu^\ Cd^ ""- Ni^*, Cd^*- Mg^^ ,Cd^^- Al^ ,^ etc on the poly-o-toluidine Sn(II) 
tungstate column, successfully. 
Electrochemical sensors represent an important subclass of chemical sensors in 
which an electrode is used as the transduction element. According to such devices hold a 
leading position among sensors presently available, having reached the commercial 
stage, and have found a vast range of important applications in the field of clinical, 
industrial, environmental and agricultural analysis fermentation control, pharmaceutical 
analysis, environmental monitoring, sewage treatment, food industries, etc. Since the use 
of ion-selective electrodes offer several advantages over other analytical techniques, such 
as rapid, accurate and low cost analysis, hence the development of ion-exchange 
membrane electrodes has also been carried out in the present studies. The chemical, 
thermal and mechanical strength of the prepared composite materials can be utilized to 
make its ion-selective membrane electrode for the selective determination of Cd^ ^ and 
Hg in the solutions. The ion-exchange membrane electrode was prepared through 
incorporation of the composite cation-exchanger (as electroactive material phase) in an 
inert matrix araldite. So the efforts have been made to develop the ion-exchange 
membrane electrodes having quick response and enough lifetimes in the determination of 
toxic heavy metal ions in synthetic samples as well as real samples like effluents, 
wastewaters, etc. The heterogeneous precipitate Hg(II) ion-selective membrane electrode 
obtained from poly-o-anisidine Sn(IV) tungstate cation-exchanger material and Cd(II) 
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ion-selective membrane electrode obtained from poly-o-toluidine Sn(IV) tungstate 
cation-exchanger material were utilize with satisfactory detection limits in the given 
range of 1 x 10"' to 1 x 10"^  molar with a slope of 21.71 mV per decade change in Hg(II) 
ion concentration in poly-o-anisidine Sn(IV) tungstate and, detection limits in the given 
range of 1 x 10"' to 1 xlO"^ molar with a slope of 27.42 mV per decade change in Cd(II) 
ion concentration in poly-o-toluidine Sn(IV) tungstate for divalent cations, quick 
response 30 seconds in poly-o-anisidine Sn(IV) tungstate and 40 seconds in poly-o-
toluidine Sn(IV) tungstate. The high working pH range of 4.0-8.0 for poly-o-anisidine 
Sn(IV) tungstate and 4.5-8.0 for poly-o-toluidine Sn(IV) tungstate composite membrane 
electrode and enough life time for both the composite electrodes is around 3 months for 
the selective determination of heavy toxic metal ions i.e. Hg"" and Cd"" 
The proposed composite cation-exchanger membrane electrodes assembly was 
also employed for the titration of Hg(II)and Cd(II) metal solution against EDTA solution 
that also established their practical and analytical utility. Finally, we hope that the 
various physiochemical properties and analytical applications studied on this composite 
material will be helpful and encouraging resource for the material as well as 
environmental scientists to do further research work in this field. 
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6.2. Possible Applications 
> Water softening 
> Separation of toxic and hazardous ionic species 
> Nuclear separations and nuclear medicine 
> Catalysis 
> Electrodialysis 
> Hydrbmetallurgy 
> Effluent treatment 
> Ion selective electrodes 
> Chemical sensors 
> Ion memory effect 
> Ion exchange membranes 
> Proton conductors 
454^ 
6.3. Suggestions Future Work 
The research work done in this dissertation will be continued for the development 
of the materials. The research is going on-
• To develop simple selective and economical "organic-inorganic" composite ion-
exchange materials having selectivity towards heavy toxic metal ions and 
radioactive elements to decrease the pollution load of the environment. 
• To study in detail, the SEM (Scanning Electron Microscopy) analysis of the 
inorganic, organic as well as composite cation-exchanger in terms of surface 
morphology, pore size, etc. 
• To study about the ion-exchange kinetics and adsorption of pesticides (adsorption 
thermodynamics) on these materials. 
• To more studies of electrical behavior of electrically conducting "organic-
inorganic" composite ion-exchange materials. 
• Furthermore, to study in detail, the electrically conducting composite ion-
exchange materials used as electrochemically switchable ion-exchangers for 
water treatment; especially for water softening. 
• Efforts will be made to use these composites as adsorbents for air {i.e. gas 
separations) by controlling their electrical conductivity. 
• A detailed study of composite ion-exchangers used as a catalysts for reaction of 
gases and of liquids or solutes. 
• Chromatographic and thin layer, separation, identification and detennination of 
pharmaceuticals and related drugs in drugs formulations and biological samples. 
• To develop ion-selective electrodes for a number of heavy toxic elements with 
detection limits down to parts-per-million (10"'° M), which is possible by 
studying the underlying chemical principles and modifying the nature of 
electroactive materials used in the membrane electrodes. 
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